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(54) Title: POTASSIUM CHANNEL INHIBITORS 

(57) Abstract 

Compounds of 
general formula (I) wherein 
t is 1 or 2; A and B are 
each H or taken together 
form a bond between the 
substituted carbons; R^ is 
H, alkyl or is selected from 
the group consisting of an 
optionally substituted aryl, 
an optionally substituted 
heteroaryl, an optionally 
substituted heterocyclyl and 

an optionally substimted carbocycloalkyl; Y^ is O, (CH2)q, HC=CH or NH, w is 0, 1 or 2, q is 0, 1 or 2; is C=0, C=S or SO2; R^ 
is H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroalkyl, an optionally substituted heterocycle, an optionally substituted heterocyclyl, an optionally substituted carbocycloalkyl, or an 
alkylene-(substituted amino); Z is in particular H or OH; R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally substituted heterocyclyl, an optionally substituted 
heteroalkyl, an optionally substituted carbocycloalkyl, R^^O- and R^'R^^-N-; Y^ is (CH2)p, CHRi7(CH2)o, HC=CH or ethynyl, p is 0, 1,2 
or 3, o is 0, 1 or 2; is C=0, C«S, SO2 or (CH2)n» n is 0, 1 or 2; R"* is H, alkyl, an optionally substituted aryl, an optionally substimted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted heteroalkyl, an optionally substituted heterocycle, an optionally 
substituted heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted amino); or pharmaceutically acceptable salts 
or prodrugs thereof arc useful as potassium channel inhibitors and especially useful for the treatment of cardiac arrhythmias and cell 
proliferative disorders. 
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POTASSIUM CHANNEL INHIBITORS 

H ACKGROTTND OF TTTF TNVFNTION 

1. Field of the Invention 

The present invention is broadly directed to a class of compounds useful as 
potassium channel inhibitors. 

2. De^^cription of Related Art 

Potassium channels are expressed in eukaryotic and procaryotic cells, and are 
elements in the control of electrical and nonelectrical cellular functions. Subclasses of 
these channels have been named based on amino acid sequence and fimaional 
properties, and include for example voltage gated potassium channels {e.g., Kvl, 
Kv2, Kv3, Kv4). Subtypes within these subclasses have been characterized as to their 
putative function, pharmacology and distribution in cells and tissues (Chandy and 
Gutman, "Voltage-gated potassium channel genes" in Handbook of Receptors and 
Channels- Ligand and Voltage-gated Ion Charmels, ed. R. A. North, 1995; Doupnik 
ct ai., Curr. Opin. Neurobiol 5:268, 1995). 

Inhibitors of potassium chaxmels lead to a decrease in potassium ion 
movement across cell membranes. Consequently, such inlubitors induce prolongation 
of the dectricai action potential or membrane potential depolarization in cells 
cont»xung the inlubited or blodced potassium channels. Prolonging of the electrical 
action potential is a preferred mechanism for treating certain diseases, e.g., cardiac 
arrhythmias (Colatsky et al.. Circulation M:2235, 1990). Membrane potential 
depolarization is a preferred mechanism for the treating of certain other diseases, such 
as those involving the immune system (Kaczorowski and Koo, Perspectives in Drug 
Discovery and Design, 2:233, 1994). 

Potassium chaxmels which exhibit fiinaional, pharmacological and tissue 
distribution characteristics have been cloned. These cloned potassium charmels are 
usefid targets in assays for identifying candidate compounds for the treatment of 
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various disease states. For example, the delayed rectifier voltage-gated potassium 
channel termed 1^, or I„ which has been reported to contain the Kvl.5 a-subunit 
gene product is generally believed to be important in the repolarization of the human 
atrial action potential and thus is a candidate potassium channel target for the 
treatment of cardiac arrhythmias especially those occurring in the atria (Wang et al, 
arc. Res. 73:1061, 1993; Fedida et al.. Circ. Res. 73:210, 1993; Wang et al.. j: 
Pharmacol. Exp. Ther. 272:184, 1995; Amos et al., J. Physiol, 491:31, 1996). 

The present invention is directed to compounds which are useful as 
inhibitors of potassium channel fiinction. 

It is an object of the present invention, therefore, to provide compounds which 
are useful for the treatment of diseases in mammals, including humans, and especiaUy 
for the management of diseases which can be treated by inhibiting ceU membrane 
potassium channels. 

Another object of the invention is to provide a method of treating diseases in 
mammals, including humans, which respond to the inhibition of potassmm channel 
function, which method comprises administering to a mammal in need thereof a 
conq)ound of the invention. 

DETAn.TCD PFSPRTPTTfiT v OF im TfsT YFNTTCT^ 

This invention describes compounds and their utiUty as mhibitors of potassium 
channel fonction. The invention is particularly directed to compounds that inhibit 
potassium channels which could serve as targets for the treatment of cardiac 
arriiythmias (i.e., Kvl.5) especiaUy those occurring in the atria (e.g., atrial flutter 
and atrial fibrillation) (Wang et al., Circ. Res. 73:1061, 1993; Fedida et al., Circ. Res. 
73:210, 1993; Wang et al.. J. Pharmacol. Exp. Ther. 272:1S4, 1995). The present 
invention also provides a method for treating diseases which respond to the inhibition 
of potassium channel fiinction. These include, but are not limited to cardiac 
arrhythmias, ceU proliferative disorders including cancer, disorders of the auditory 
system, central nervous system mediated motor dysfunction and disorders of 
pulmonary, vascular and visceral smooth muscle contractility. 
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The invention is particuiariy based on our discovery that the compounds of the 
foUowing formula 0) are inhibitors of potassium channel function and are thus useful 
for inhibiting potassium transport across ceUular membranes and for treating cardiac 
arrhythmias. In particular, these compounds have demonstrated activity against 
human potassium channels. 

Thus, this aspect of the present invention concerns such methods and such 
compounds having potassium channel inhibitory activity of the formula (I) and 
pharmaceuticaUy acceptable salts, esters, amides, complexes, chelates, hydrates, 
stereoisomers, crystalline or amorphous forms, metabolites, metaboUc precursors or 
prodrugs thereof: 




\. . (T) 



wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroatyl. an optionaUy substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

is (CHj),, (CHj)^©, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 
or 2, with the proviso that if is (CH^), and q=0, then R» cannot be H; 

is C=0, C=S, or SO^; with the proviso that if is (CH^^O, then X^ 



is not SO 



'2» 
3 



R is H, alkyl, an optionally substituted aryl, an optionally substituted 
aialkyl, an optionaUy substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionaUy substimted 
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heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(hetero^yclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(OHalkylene-heterocyclyl), alkylene^ 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR", SR" 
or NR"R"; where R" is selected from the group consisting of H, (CH2)„-R», or 
C(0)-(CH2),-R«; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R» is CHjNCR')^, 
CH2N(R»)3L, or CO^R'; each R» is independenUy selected from H, or alkyl; L is a 
counter ion; R" is H, or alkyl; and R'^ is H, alkyl or CO^R^" and R»° is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally 
substituted aryl, an optionally substituted aralkyl, an optionally substituted 
heteroaryl, an optionaUy substituted heterocyclyl, an optionally substituted 
heteroaralkyl, an optionaUy substituted carbocycloalkyl, R'-O-, and R^R'-N- ; 
where R« and R" are independently selected from the group consisting of alkyl, an 
optionaUy substituted aryl, an optionally substituted aralkyl, an optionaUy 
substituted heteroaryl, an optionaUy substituted heterocyclyl, an optionaUy 
substituted heteroaraUcyl, and an optionaUy substituted carbocycloaUcyl; R« is 
selected from the group consisting of H, aUcyl, an optionaUy substituted aryl, an 
optionaUy substituted araUcyl, an optionaUy substituted heteroaryl, an optionaUy 
substituted heterocyclyl, an optionaUy substituted heteroaraUcyl, and an optionaUy 
substituted caibocycloaUcyl; or R" and R» along with the nitrogen to which they are 
attached form a heterocyclyl; 

Y» is (CH^)^, CHR"(CH2)„, HC=CH, or ethynyl; where R" is aUcyl or is 
selected from the group consisting of an optionaUy substituted aryl, an optionaUy 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionaUy 
substituted carbocycloaUcyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X> is C=0, C=S, SO, or (CHa)^; where n is 0, 1, or 2; 
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R" is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substiUited heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

witii tiie provisos (i) tiiat if is (CH^),, p is 0 and X' is not (CRj)^, then 
R^ is not H, (ii) tiiat if R^ is R'-O and is (CH^), witii p=0, then X' is not SO^ 
and (iii) if Z is not H, OR", SR" or NR"R«, then X^ must be SO^. 

In anotiier aspect, the present mvention concerns such metiiods and such 
compounds having potassium channel inhibitory activity of the formula (II) and 
phannaceuticaUy acceptable salts, esters, amides, complexes, chelates, hydrates, 
stereoisomers, crystalline or amorphous forms, metaboUtes, metaboUc precursors or 
prodrugs thereof: 



\ 




(n) 



wherein t is 1, or 2; 

R^ is H, alkyl, or is selected from the group consisting of an optionaUy 
substituted aryl, an optionaUy substiUited heteroaryl, an optionally substifaited 
heterocyclyl and an optionally substitijted carbocycloalkyl; 

Y* is (CHa),, (CHj)^0, HC=CH, ethynyl orNH, w is 0, 1, or 2 and q is 0, 1, 
or 2, witii tiie proviso that if Y^ is (CH^), and q=0. tiien R» cannot be H; 

X^ is C=0, C=S, or SOa; witii the proviso that if Y* is (CH^„0 then is not 

SO^; 

R' is H, alkyl, an optionally substituted aryl, or an optionally substituted 
heteroaryl; 
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Z is H. OR", SR" or NR"R«; where R" is selected from the group consisting 
of H, (CH^„-R«, or C(0)-(CHA-R^; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R« is 
CH2N(R^„ CH,N(R^3L, or CO^R'; each R' is independenUy selected from H, or 
alkyl; L is a counter ion; R»^ is H, or alkyl; and R" is H, alkyl or CO^R*" and R" 
is H, or alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 

aiyl, an optionaUy substituted heteroaiyl, an optionaUy substituted heterocyclyl. an 

optionaUy substituted caibocycloalkyl, R'-O-, and R-R'-N- ; where R' and R- ai^e 

independently selected from the group consisting of alkyl, an optionaUy substituted 

aiyl, an optionally substituted heteroaryl, an optionaUy substituted heterocyclyl and an 

optionaUy substituted carbocycloalkyl; R« is selected from the group consisting of 

H, alkyl, an optionally substituted aryl, an optionaUy substituted heteroaiyl, an 

optionally substituted heterocyclyl and an optionally substituted caibocyclo^l; 

is (CH^p, CHR"(CBy„, HC=CH, or ethynyl; where R" is aUcyl or is 

selected from the group consisting of an optionaUy substituted arjrl. an optionaUy 

substituted heteroaryl, an optionaUy substituted heterocyclyl and an optionaUy 

substituted carbocycloalkyl; p is 0, 1, 2, or 3; and o is 0, 1, or 2 

is C=0, C=S. SO, or (CH^„; where n is 0. 1. or 2; 

B* is H, aUcyl, an optionaUy substituted aryl, or an optionaUy substituted 
het^oaiyl; and 

with the provisos (i) that if is (CH^^. p is 0 and is not (CH^„ then R^ is 
not H, and (ii) that if R^ is R'-O- and is (CH^, with p=0„ then X^ is not SO,. 

A preferred subgroup of compounds for practicing such methods includes 
compounds represented by formula (m) and pharmaceuticaUy acceptable salts, esters 
amides, complexes, chelates, hydrates, stereoisomers, crystaUine or amorphous forms', 
metaboUtes. metaboUc precursors or prodrugs thereof: 
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R2 

\ 




on) 



wherein t, Y\ R^ and R* are as recited above in connection with formula 
(0. is (CH^„ HC=CH, or ethynyl and q is 0. 1, or 2, R^ is selected from the group 
of an optionaUy substituted aiyl and an optionaUy substituted heteroaiyl; is C=0, 
C=S, or (CHj).; wherem n is 0, 1, or 2; and Z is H or OR", where R" is H, (CHj)^- 
R\ or C(0)-(CHA-R«; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R» is CH,N(R%, ^ 
CH2N(R')3L, or CO^R'; where each R» is independently selected from H or alkyl; 
and L is a counter ion. 

Another preferred subgroup of compounds for practicing such methods 
includes compounds represented by formula (IV) and phaimaceuticaUy acceptable 
salts, esters, amides, complexes, chelates, hydrates, stereoisomers, crystalline or 
amorphous forms, metaboUtes, metabolic precursors or prodrugs thereof: 



O2S 



\ 



N— 




(TV) 



wherein t, R^ R' and R* are as recited above in connection with formula (I), q 
is 0, 1, or 2, R» is H or an optionally substituted aryl selected from the group of 
phenyl and naphthyl. with the proviso that when q=0, then R' cannot be H; is 
C=0, or (CHA; Z is H or OH; wherein n is 0. 1. or 2; and Y' is CH=CH, ethynyl, or 
(CH2)p; where p is 0, 1, 2 or 3. 

A particularly preferred subgroup of compounds for practicing such methods 
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includes compounds represented by formula (V) and phannaceuticaUy acceptable 
salts, esters, amides, complexes, chelates, hydrates, stereoisomers, crystalline or 
amorphous forms, metaboUtes, metaboUc precursors or prodrugs thereof: 




(V) 



wherein R' and K* are as recited above in connection with formula (T) (B} 
preferably is H), where is an optionaUy substituted aiyl selected from the group of 
phenyl and naphthyl; Z is H. or OI^ X» is C=0, or (CH^^ wherein n is 0, 1, or 2; 
and is CH=CH, ethynyl or (CH^^, where p is 0. 1, 2 or 3. 

In the above formulae, and R^' are preferably moieties that are non-ionized 
at a physiological pH. In preferred aspects of the present invention, R^ is selected 
from the group consistmg of H, alkyl, an optionaUy substituted aiyl, an optionally 
substituted heteroaryl, an optionaUy substituted heterocydyl, an optionaUy substituted 
carbocycloaUcyl, R'-O-. and R'R'-N. ; where R' and R" are independently selected 
from the group consisting of alkyl, an optionaUy substituted aiyl, an optionaUy 
substituted heteroaiyl, an optionaUy substituted heterocydyl and an optionaUy 
substituted carbocycloaUcyl and where R« is selected from the group consisting of H, 
alkyl, an optionally substituted aryl, an optionaUy substituted heteroaryl, an 
optionaUy substituted heterocydyl and an optionaUy substituted carbocycloalkyl 
and R' and K* are independemly selected from H, aUcyl, an optionaUy substituted aiyl, 
or an optionaUy substituted heteroaiyl in the above fonnulae 00, (II), (HI), (IV) and 
(V). Compounds according to the present invention are particularly directed to those 
compounds of formulae (J), (H), (m), (IV) and (V) subject to the proviso that when 

is an optionaUy substituted aryl, then said optionaUy substituted aiyl is not a 
diaUcoxyphenyl, and especially is not a 3,4-diaUcoxyphenyl. 

Further preferred compounds are those having the previously identified 
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formulae (I) (where A and B are hydrogen). QI), (HI), (IV), or (V); but having the 
stereochemical configuration of substituents attached to the saturated ring of the core 
structure in accordance with the foUowing representative formula (VI): 




(VI) 



Stm other preferred compounds of the present invention are those of formulae 
(0. CD). (TV) and (VT) having the ring substituents in the orientation of previous 
formulae (JH) and (V). 

The term "alkyl" as used alone or in combination herein refers to a straight or 
branched chain saturated hydrocarbon group containing fi-om one to ten carbon 
atoms. Preferably, the alkyl group is a "C,, alkyl" or "lower a%l» which refer to 
such groups containing fi-om one to six carbon atoms, such as methyl, ethyl, n- 
propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl and the like. 

The related term "alkyiene," as used alone or m combination herein, refers to 
a straight or branched chain saturated divalent hydrocarbon group containing fi-om 
one to ten carbon atoms. Preferably, the alkylene group is a "Q, alkylene" or "lower 
alkylene" which refer to such groups containing from one to sk carbon atoms, such 
as methylene, ethylene, n-propylene, isopiopylene, n-butylene, isobutylene, sec- 
butylene, tert-butylene and the like. 

The term "alkoxy" as used alone or in combination her^m refers to a straight 
or branched chain alkyl group covalentiy bonded to the parent molecule through an - 
O- linkage contaimng from one to ten carbon atoms and the terms "C,^ alkoxy" and 
"lower alkoxy" refer to such groups containing from one to sbc carbon atoms, such as 
methoxy, ethoxy, propoxy, isopropoxy. butoxy. t-butoxy and the like. 

The term "alkoxyalkyl" refers to an alkyl group substituted with an alkoxy 
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group. 



The term "haloalkyl" is a substituted alkyl. preferably a substituted lower 
alkyl, substituted with one or more halogen atoms, and preferably is a C, to Q 
alkyl substituted with one to three halogen atoms. One example of a haloalkyUs 
trifluoromethyl. 

The term "alkanoyl" as used alone or in combination herem refers to an acyl 
radical derived from an alkanecarboxj^ic acid, particulariy a lower alkanecarboxyUc 
acid, and includes such examples as acetyl, propionyl, butyryi, valeryl, and 4- 
methylvaleryl. 

The term "aminocarbonyr means an amino-substituted carbonyl (carbamoyl 
or carboxamide) wherein the amino group can be a primary, secondary (mono- 
substituted amino) or tertiary amino (di-substituted amino) group preferably having as 
a substituent(s) a lower alkyl. 

The term "carbocycloalkyi" refers to stable, saturated or partially unsaturated 
monocychc. bridged monocyclic, bicycUc, and spiro ring hydrocarbyls of 3 to 15 
carbon atoms such as cyclopropyl. cyclobutyl, cyclopentyl, cyclohexyl. cycloheptyl 
bicyclohexyl. bicyclooctyl. bicyclononyl. spirononyl and spirodecyl. The term 
"optionaUy substituted" as it refers to «cari,ocycloalkyr herein indicates that the 
carbocycloalkyi group may be substituted at one or more substitutable ring positions 
by one or more groups indq,endently selected from alkyl (preferably lower alkyl) 
aralkyl, alkoxy (preferably lower alkoxy), nitro, monoalkylamino (preferably a lower 
alkylamino), dialkylamino (preferably a di[lower]alkylamino), cyano, halo, haloalkyl 
(preferably trifluoromethyl). alkanoyl, aminocarbonyi, monoalkyiaminocari^onyl 
dialkylaminocari,onyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyi ' 
(preferably a lower alkoxy[lower]alkyl), alkoxycarbonyl (prefer^ly a lower 
alkoxycarbonyl). aIkylcari,onyloxy (preferably a lower alkylcari,onyloxy) and a^l 
(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 
lower alkoxy groups. 

The term "heterocyclyl" as used herein refers to a stable, saturated, or 



•10- 
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partiaUy unsaturated, monocyclic, bridged monocycUc, bicyclic, and spiro ring 
system containing carbon atoms and other atoms selected ftom nitrogen, sulfur 
and/or oxygen. Preferably, a heterocyclyl is a 5 or 6-membered monocycUc ring or 
an 8-1 1 membered bicyclic ring which consists of cariion atoms and contains one, 
two, or three heteroatoms selected from nitrogen, oxygen and/or sulfur. The term 
"optionally substituted" as it refers to "heterocyclyl" herein indicates that the 
heterocyclyl group may be substituted at one or more substitutable ring positions by 
one or more groups independently selected from alkyl (preferably lower alkyi), 
aralkyl, alkoxy (preferably lower alkoxy), nitro, monoalkylamino (preferably a lower 
alkylamuxo), dialkylamino (preferably a di[lower]alkylamino), cyano, halo, haloalkyl 
(preferably trifluoromethyl), alkanoyl, ammocariionyl, monoalkylammocarbonyl, 
dialkylaminocarijonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 
(preferably a lower alkoxy[lower]alkyl), alkoxycariionyl (preferably a lower 
alkoxycarbonyl), alkylcariionyloxy (preferably a lower alkylcarijonyloxy) and aryl 
(preferably phenyl), said aryl being optionally substituted by halo, lower alkyl and 
lower alkoxy groups. Examples of such heterocyclyl groups are isoxazolyl, 
imidazolinyl, thiazolinyl, imidazoUdinyl, pyrrolyl, pyrrolinyl, pyranyl, pyrazinyl, 
pipeiidyl, morpholinyl and triazolyl. The heterocyclyl group may be attached to 
the parent structure through a carbon atom or through any heteroatom of the 
heterocyclyl that results in a stable structure. 

The term "heteroaryl" as used herein refers to a stable, aromatic monocycHc 
or bicyclic ring system containing carbon atoms and other atoms selected from 
nitrogen, sulfur and/or oxygen. Pref«ably, a heteroaryl is a 5 or 6-membered 
monocycUc ring (optionaUy benzofiised) or an 8-1 1 membered bicycUc ring which 
consists of cart)on atoms and contains one, two, or three heteroatoms selected from 
nitrogen, oxygen and/or sulfiir. The term "optionally substituted" as it refers to 
"heteroaryl" herein indicates that the heteroaryl group may be substituted at one or 
more substitutable ring positions by one or more groups independently selected from 
alkyl (preferably lower alkyl), aralkyl, alkoxy (preferably lower alkoxy), nitro, 
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monoalkylamino (preferably a lower alkylamino), dialkylamino (preferably a 
di[lower]alkylainino. cyano, halo, haloalkyl (preferably trifluoromethyl), alkanoyl, 
aminocarbonyl, monoalkylaminocaitonyl, dialkylamlnocarbonyl, alkyl amido 
(preferably lower alkyl amido), alkoxyalkyl (preferably a lower aIkoxy[lower]alkyl), 
alkoxycarbonyi (preferably a lower alkoxycarbonyl), alkylcaitonyloxy (preferably a 
lower alkylcarbonyloxy) and aiyl (preferably phenyl), said atyl being optionaUy 
substituted by halo, lower alkyl and lower alkoxy groups. Examples of such 
heteroaryl groups are isoxazolyl, imidazolyl, thiazolyl, isothiazolyl, pyridyl, foryl, 
pyrimidinyl, pyiazolyl, pyridazinyl, forazanyl and thienyl. The heteroaryl group ' 
may be attached to the parent structure through a carbon atom or through any 
heteioatom of the heteroaryl that results in a stable structure. 

The term "heteroaralkyl" as used herem refers to a lower alkyl as defined 
above in which one hydrogen atom is replaced by a heteroaryl radical as defined 
above. The term "optionaUy substituted" as it refers to "heteroaralkyl" herem 
indicates that the heteroaryl group may be substituted at one or more substitutable 
ring positions by one or more groups independentty selected from alkyl (preferably 
lower alkyl). aralkyl. alkoxy (preferably lower alkoxy), nitro, monoalkylamino 
(preferably a lower alkylamino), dialkylammo (preferably a di[lower] alkylamino. 
cyano, halo, haloalkyl (preferably trifluoromethyl), alkanoyl. ammocari^onyl, 
monoalkylaminocarijonyl, dialkylammocarijonyl, alkyl amido (preferably lower alkyl 
amido), alkoxyalkyl (preferably a lower alkoxy[lower]alkyl), alkoxycari>onyl 
(preferably a lower alkoxycariionyl), alkylcari>onyloxy (preferably a lower 
alkylcarbonyloxy) and aryl (preferably phenyl), said aiyl being optionally substituted 
by halo, lower alkyl and lower alkoxy groups. Examples of such heteroaralkyl 
groups are 2-pyridylmethyl, 3-pyridylmethyl, 4-pyridylmethyl. 3-pyridylethyl and 
4-pyrimidinyhnethyl. 

The specific chemical nature of the optionaUy substituted heterocyclyl and 
heteroaryl groups for the terminal moieties and in the prior identified potassium 
channel inhibitor compounds is not narrowly critical and, as noted above, a wide 



-12- 



wo 99/37607 



PCT/US99/01663 



variety of substituent groups are contemplated. Preferably, the substituents for the 
heterocyclyl and heteroaryl groups are selected such that the total number of caiton 
and hetero atoms comprising the substituted heterocyclyls and heteroaryls is no more 
than about 25. 

The terms "halo" and "halogen" as used herein to identify substituent 
moieties, represent fluorine, chlorine, bromine or iodine, preferably chlorine or 
fluorine. 

The term "aryl" when used alone or in combination refers to an unsubstituted 
or optionaUy substituted monocycUc or bicycUc aromatic hydrocarijon ring system. 
Preferred are optionally substituted phenyl or naphthyl groups. The aryl group may 
optionaUy be substituted at one or more substitutable ring positions by one or more 
groups independently selected from alkyl (preferably lower alkyl), aralkyl, alkoxy 
(preferably lower alkoxy), nitro, monoalkylammo (preferably a lower alkylamino), 
dialkylamino (preferably a di[lower]alkylammo), cyano, halo, haloalkyl (preferably 
trifluoromethyl), alkanoyl, aminocariionyl, monoalkylaminocari)onyi, 
dialkylaminocarijonyl, alkyl amido (preferably lower alkyl amido), alkoxyalkyl 
(preferably a lower alkoxy[lower]aIkyl), alkoxycarijonyl (preferably a lower 
alkoxycarbonyl), alkylcarbonyloxy (preferably a lower alkylcarfionyloxy) and aryl 
(preferably phenyl), said aiyl being optionaUy substituted by halo, lower alkyl and 
lower aUcoxy groups. Preferably, the aryl group is phenyl optionally substituted 
with up to four and usuaUy with one or two groups, preferably selected from C^^ 
aUcyl, C,^ aUcoxy, as weU as cyano, trifluoromethyl and halo. 

The term "aralkyl" alone or in combination refers to a lower aUcyl radical as 
defined above in which one hydrogen atom is replaced by an aryl radical as defined 
above, and includes benzyl, and 2-phenylethyl. The araUcyl group may optionally be 
substituted at one or more substitutable ring positions by one or more groups 
indq)endenfly selected from alkyl (preferably lower alkyl), aralkyl, alkoxy (preferably 
lower aUcoxy). nitro, monoaUcylamino (preferably a lower alkylamino), diaUcylamino 
(preferably a di[lower]alkylamino), cyano, halo, haloalkyl (preferably trifluoromethyl), 



■13- 



wo 99/37607 



PCT/US99/01663 



alkanoyl, aminocaitonyl, monoalkylaminocaibonyl, dialkylaminocarbonyl, alkyl amido 
(preferably lower alkyl amido), alkoxyalkyl (preferably a lower alkoxy[lower]alkyI), 
alkoxycaibonyl (preferably a lower alkoxycarbonyl), alkylcarbonyloxy (preferably a 
lower alkylcarbonyloxy) and aryl (preferably phenyl), said aiyl being optionally 
substituted by halo, lower alkyl and lower alkoxy groups. 

The term "alkoxycarbonyl" alone or in combination means a radical of the 
formula -C(0)-alkoxy, in which alkoxy is as defined above. 

The term "alkylcarbonyloxy" alone or in combination means a radical of the 
formula -0-C(0)-alkyl, in which allqrl is as defined above. 

The tenn "alkenyl" means a two to seven carbon, straight or branched 
hydrocarbon containing one or more double bonds, preferably one or two double 
bonds. Examples of alkenyl mclude ethenylene, propenylene, 1. 3- butadienyl, and 1, 
3, 5-hexatrienyI. 

The term "substituted ammo" refers to a group of the formula NZ'Z" wherem 
Z' isH, alkyl, carbocycloalkyl, aryl, heteroaryl, heterocyclyl, heteroaralkyl, or 
heterocyclyl(alkylene) and Z" is H, a&yl carbocycloalkyl. or aiyl fiirther substituted 
with a carboxyUc add or caiboxyKc ester, provided that when Z' is H, then Z" is 
other than H, or Z' and Z» taken together with the nitrogen atom to which they are 
attached are 1-pyrroIidinyl, l-piperidmyl, l-azepinyl, 4-morphoIinyl, 4- 
thiamorpholinyl, 1-piperazinyl, 4-alkyl.l-piperazinyl, 4-aryIalkyl-l-pipera2inyl, 4- 
diarylalkyl-l-piperazinyl, each optionaUy substituted with alkyl, alkoxy, alkylthio, 
halo, aryl or hydroxy. 

The term "treating" as used herein, describes the management and care of a 
patient aflflicted with a condition, disease or disorder for which the administration of a 
compound of the present invention alters the action or activity of a potassium channel 
to prevent the onset of symptoms or compUcations associated with the condition, 
disease or disorder, to alleviate the symptoms or compUcations caused by the 
condition, disease or disorder, or to eliminate the condition, disease or disorder 
altogeth^. 
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It is recognized that there may be one or two chiral centers in the compounds 
falling within the scope of the present invention and thus such compounds wiU exist as 
various stereoisomeric forms. AppKcants intend to include all the various 
stereoisomers within the scope of the invention, referred to herein as the 
"phannaceutically acceptable stereoisomers." Thus, this invention is intended to 
include the cis and trans isomers and the correspondmg enantiomers of the 
compounds of formula I-IV. Though the compounds may be prepared as racemates 
and can conveniently be used as such, individual enantiomers also can be isolated or 
preferentially synthesized by known techniques if desired. Such racemates and 
individual enantiomers and mixtures thereof are intended to be included within the 
scope of the preset invention. 

The present invention also encompasses the phaimaceutically acceptable 
esters, amides, complexes, chelates, hydrates, crystalline or amorphous fonns, 
metabolites, metaboHc precursors or prodrugs of the compounds of formulae (I), (II), 
m and (IV). Pharmaceutically esters and amides can be prepared by reacting, ' 
respectively, a hydroxy or amino functional group with a phamiaceuticaUy acceptable 
organic acid, such as identified below. A prodrug is a drug which has been chemically 
modified and may be biologicaUy inactive at its site of action, but whichis degraded 
or modified by one or more enzymatic or other in vivo processes to the parent 
bioactive form. Generally, a prodrug has a diflFerent phannacokinetic profile than the 
parent drug such that, for example, it is more easily absorbed across the mucosal 
epitheUum. it has better salt formation or solubiUty and/or it has better systemic 
stability (e.g., an increased plasma half-Ufe). 

Those skilled in the art recognize that chemical modifications of a parent drug 
to yield a prodrug include: (1) terminal ester or amide derivatives which are 
susceptible to being cleaved by esterases or Hpases; (2) terminal peptides which may 
be recognized by specific or nonspecific proteases; or (3) a derivative that causes the 
prodrug to accumulate at a site of action tiirough membrane selection, and 
combinations of the above techniques. Conventional procedures for the selection and 
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preparation of prodrug derivatives are described in H. Bundgaard, Design of 
Prodrugs, (1985). Those skilled in the art are weU-versed in the preparation of 
prodrugs and are weU-aware of its meaning. 

The compounds of the present invention can be used in their neat form or in 
the form of phannaceuticaUy-acceptable salts derived from inorganic or organic acids. 
Examples of acids which may be employed to form phaimaceuticaUy acceptable add 
addition salts of compounds of the present invention include such inorganic acids as 
hydrochloric acid, sulphuric acid and phosphoric acid and such organic acids as oxaUc 
add, maleic add. succinic acid and dtric acid. These salts thus include, but are not 
limited to, the foUowing: acetate, adipate, alginate, citrate, aspartate, benzoate, 
benzenesulfonate. bisulfate, butyrate. camphorate, camphorsulfonate, diglucon^te, 
cyclopentanepropionate. dodecylsulfate, ethanesulfonate, glucoheptanoate, 
glycerophosphate, hemisulfate, heptanoate, hexanoate, fiimarate, hydrochloride, 
hydrobromide hydroiodide, 2.hydroxy-ethanesulfonate. lactate, maleate, 
methanesulfonate. nicotinate, 2-naphthalenesulfonate, oxalate, pamoate' pectinate, 
persulfate. 3-phenylpropionate, picrate, pivalate. propionate, sucdnate. tartrate. ' 
thiocyanate, p-toluenesulfonate and undecanoate. 

Also, the basic nitrogen-containing groups can be quatemized with such 
agents as lower alkyl halides, such as methyl, ethyl, propyl, and butyl chlorides, 
bromides and iodides; dialkyl sulfates, Uke dimethyl, diethyl, dibutyl and diamyl 
sulfetes, long chain hahdes such as decyl, lauiyl, myristyl and stearyl chlorides, omides 
and iodides, aralkyl halides like benzyl and phenethyl bromides and others. Water or 
oU soluble or dispersible products are thereby generaUy obtained. 

The pharmaceutically acceptable salts of the compounds of the present 
imrention also can exist as various solvates, such as with water, methanol, ethanol, 
dimethylfomiamide, ethyl acetate and the like. Mfartures of such solvates also can be 
prepared. Such solvates are withm the scope of the present invention. 

The pharmacological profile of the potassium channel inhibitory activity of the 
compounds of the present invention can be readily assessed by those skilled in the art 
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using routine experimentation, such as the procedures and techniques iUustrated in the 
examples which foUow. Assays for assessing the activity of particular compounds may 
employ ceUs stably transfected to express a specific potassium channel, as weU as 
native mammaUan ceUs. In particular, ceUs stably transfected to express a specific 
potassium chamiel, which have been treated with a voltage dependent fluorescent dye 
such as i/5-(1.3-dibutylbarbituric acid)trimethine oxonol, can be used to gauge the 
inhibitory activity of potassium chamiel inhibitor compounds, possibly in comparison 
to knovm inhibitors. Alternatively, such ceUs can be primed with a detectible species, 
such as «^Rb, and then chaUenged with a particular compound, under conditions 
otherwise suitable for activating the potassium chamiel. to assess the potassium 
inhibitory activity of the compound. The potassium chamiel inhibitory activity of a 
compound also can be determined using isolated mammalian cells and the whole ceU 
configuration of the known patch clamp technique (ElamiU et al.. Pflugers Archiv 
391.ZS, 198 1). These and other known techniques can be readUy employed by those 
skilled m the art to assess the activity level of the potassium chamiel inhibitor 
compounds of the present invention. 

The compounds of the present invention may be administered by a variety of 
routes including oraUy, parenterally. sublinguaUy, intranasaUy, by inhalation spray. 
rectaUy, or topicaUy in dosage unit formulations containing conventional nontoxic 
phannaceuticaUy acceptable earners, adjuvants, and vehicles as desired. The term 
parenteral as used herein includes subcutaneous injections, intravenous, intramuscular, 
intracardiac injection, or infusion techniques. Topical administration may also involve' 
the use of transdermal administration such as transdermal patches or iontophoresis 



devices. 



Injectable preparations, for example, sterile injectable aqueous or oleaginous 
suspensions may be formulated according to the known art using suitable dispersing 
or wetting agents and suspending agents. The sterile injectable preparation may also 
be a sterile injectable solution or suspension in a nontoxic parenteraUy acceptable 
dUuent or solvent, for example, as a solution in 1,2-propanediol. Among the 
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acceptable vehicles and solvents that may be employed are water, Ringer's solution, 
and isotonic sodium chloride solution. In addition, sterile, fixed oils are 
conventionaUy employed as a solvent or suspending medium. For this purpose any 
bland fixed oU may be employed including synthetic mono- or diglycerides. In 
addition, fatty acids such as oleic acid find use in the preparation of injectables. 

Suppositories for rectal administration of the dmg can be prepared by mfadng 
the drug with a suitable nonirritating exdpient such as cocoa butter and polyethylene 
glycols which are soUd at ordinary temperatures but Uquid at the rectal temperature 
and wiU therefore melt in the rectum and release the drug. 

Solid dosage forms for oral administration may include capsules, tablets, pills, 
powders, and granules. In such soUd dosage forms, the active compound may be 
admbced with at least one inert dUuent such as sucrose, lactose, or starch. Such 
dosage forms may also comprise, as is normal practice, additional substances other 
than inert diluents, e.g., lubricating agents such as magnesium stearate. In the case of 
capsules, tablets, and pills, the dosage forms may also comprise buffering agents. 
Tablets and pills can additionally be prepared with enteric coatings. 

Liquid dosage forms for oral administration may include pharmaceuticaUy 
acceptable emulsions, solutions, suspensions, syrups and elfadrs containing inert 
dUuents commonly used in the art, such as water. Such compositions may also 
comprise adjuvants, such as wetting agents, emulsifying and suspending agents, and 
sweetening, flavoring and perfiiming agents. 

The compounds of the present invention can also be administered in the form 
of Uposomes. As is known in the art. Uposomes are generally derived from 
phospholipids or other lipid substances. Liposomes are formed as mono- or multi- 
lameUar hydrated hquid crystals that are dispersed in an aqueous medium. Any non- 
toxic physiologically acceptable and metabolizable Upid capable of forming liposomes 
can be used. The present compositions in liposome form can contain, in addition to a 
compound of the presem invention, stabilizers, preservatives, excipients, and the Uke. 
The preferred lipids are the phospholipids and phosphatidyl cholines (lecithins), both 
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natural and synthetic. Methods to form Kposomes are known in the art. See, for 
example, Prescott. Ed., Methods in Cell Biology, Volume XIV, Academic Press 
New York, N.Y. (1976). p. 33, et seq. 

To select preferred compounds from less preferred compounds, one uses by 
example the in vitro assays detaUed under the sub-heading BioAssays hereafter. 
TypicaUy, a preferred compound will produce half maximal blocking activity at a 
concentration ranging from about lOnM to about IjiM in the vitro assays 
described. One of ordinary skill will recognize that the final and optimum dose and 
regimen will be determined empuically for any given drug. 

Total daily dose administered to a host in single or divided doses may be an 
amount, for example, from 0.001 to 100 mg of active ingredient per kg body weight 
on a daily basis and more usually 0.01 to 10 mg/kg/day. Dosage unit compositions 
may contain such amounts of submultiples thereof to make up the daily dose. It is 
anticipated that a therapeuticaUy effective serum concentration of active ingredient 
wiU be 10 nM to lOfiM (5ng/ml to Sjig/ml). 

The amount of active ingredient that may be combined with carrier materials 
to produce a smgle dosage form wiU vary depending upon the host treated and the 
particular mode of administration. 

It WiU be understood, however, that the specific dose level for any particular 
patient wiU depend upon a variety of fectors including the activity of the specific 
compound employed, the age. body weight, general health, sex. and diet of the 
patient, the time of administration, the route of administration, the rate of excretion, 
whether a drug combination is used, and the severity of the particular disease. 

The present invention is explained in greater detail in the Examples which 
foUow. These examples are intended as iUustrative of the invention, and are not to be 
taken as limiting thereof Unless otherwise indicated, all references to parts and 
percentages are based on weight and aU temperatures are expressed in degrees 
Celsius. The scope of the invention is not construed as merely consisting of the 
following examples. 
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EXAMPT.F5^ 

Unless otherwise specified. aU solvents and reagents were purchased fi-om 
conunerdal suppKers and used without further purification. Analytical thin layer 
chromatography (TLC) was performed on Whatman Inc. 60 sUica gel plates (0.25 mm 
thickness). Compounds were visualized under UV lamp or by developing with 
KMnO,/KOH. ninhydrin, or Hanessian's solution. Flash chromatography was done 
usmg sihca gel fi-om Selectro Scientific (particle size 32-63). NMR and "C NMR 
spectra were recorded at 300 MHz and 75.5 MHz, respectively. 
Cormxnmd Prpprf^^ff^^ 

Tetrahydronaphthalene (tetralin) and benzocycloheptane, compounds of the 
previous formulae (I). (D). (HI) and (IV) usefij as potassmm chamiel inhibitors in 
accordance with the present invention can be prepared m accordance with several 
sequential steps as illustrated with reference to the tetralin species in the preparation 
which follow. 

Prenaratinn 1 

Svnthefris of 7-nitro-] ?■ ^ 4-tftrr^hvdrn -2-n.p i,tf,,ion^i 

This preparation demonstrates the reduction of a nitrotetralone to give the 
corresponding alcohol. 



NaBH4 





MeOH. 0®C ^ 
AsuspensionofT-mtro-l-tetralonedO.Hg, 0.053 mol) in MeOH (600 ml) was cooled 
to0'CandtreatedwithNaBH,(4.25g.0.11mol,2.1equiv.). A nitrotetralone can be 
obtamed by nitration of a 1-tetralone, the desired product being separated from minor 
component byproducts. The reaction mixture became homogeneous almost immediately 
After stirring at 0<€ for 30 min,2NHCl (100 ml) was added and stirring was contimied 
for an additional 30 min. The reaction mktur^ was concentrated under reduced pressure 
(approx. 150 ml) and diluted with CH,C1, (200 ml) and H,0 (100 ml). The aqueous 
layer was separated and extracted with additional CH,C1, (2 x 100 ml). The combined 
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organic layers were washed with brine (100 ml), dried (Na,SO,), filtered and 
concentrated under reduced pressure to 7-nitro-1.2,3.4.tetrahydo-2-naphthalenol as a 
white solid (10.13g, 99%) which was used in the next step without fiirther purification. 
RfCsiUcagel): 0.50 (40% hexane: 40% CH^Cl,: 20% EtOAc); »H NMR (300 MHZ. 
CDCI3) 8.29 (d, y = 2. 1 Hz, IH), 7.97 (dd, J= 2. 1 and 8. 1 Hz, IH), 7.21 (d, J= 8. 1 Hz' 
IH), 4.80-4.77 (m, IH). 2.94-2.73 (m, 2H), 2.47 (d. J= 6.0 Hz. IH). 2. 12-1.93 (m, 2H)' 
1.90-1.74 (m, 2H); "c ^jmR (75 MHZ. CDCl,) 146.5. 145.1, 140.6. 129.9. 123 6 
122.2.67.8,31.9,29.3, 18.6. 

Preparatinn ? 

Synthesis of 7-nitro-i 4-dihvdronaphthai^n>. 

This preparation describes subjecting the alcohol product of Preparation 1 to an 
acid catalyzed dehydration to give the corresponding tetralene. 




cat. TsOH-H 2O <v< 




toluene.100 "C ^ 
7-mtro-l,2,3,4-tetrahydo-2.naphthalenol (10.13 g, 0.053 mol) (from Preparation 1) was 
heated in the presence of TsOH-H,0 (1 .72 g. 0.009 mol, 0.2 equiv.) in toluene (150 ml) 
for 2 h at lOOX:. The solvent was removed under reduced pressure and the residue was 
treated with EtOAc (150 ml) and saturated aqueous NaHCO, (150 ml). The aqueous 
layer was separated and extracted with additional EtOAc (2 x 100 ml). The combined 
organic layers were washed with saturated aqueous NaCl (200 ml), dried Qia^SO,), 
filtered, and concentrated under reduced pressure to give 7-nitro-3.4.dihydronaphthalene 
as a brown oil (9.18 g. 100o/«) which was used in the next step without additional 
purification. (siUca gel): 0.79 (70% hexane: 30% EtOAc); ^H NMR (300 MHZ, 
CDCy 7.95 (dd, J= 2.4 and 8.1 Hz; IH), 7.83 (d, J= 2.4 Hz, IH). 7.21 (d, J = 8. 1 Hz, 
IH), 6.50 (d. J= 6.50 Hz, IH). 6.18 (dt, J= 4.5 and 9.6 Hz, 2H), 2.88 (t, J= 8.4 Hz. 

2H), 2.40-2.34 (m,2H);»CNMR (75 MHZ, CDCI3) 147.1, 143.1, 135.3, 131.4. 128.2^ 
126.5, 121.8,120.3.27.4,22.5. 
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Preparation ^ 

Synthesis of] ?-cno?tv-7-nitro-r4-dihvrfrnron np^l^nl ^,^ ^ 

In this preparation, the double bond in the tetralene of Preparation 2 is oxidized 
to give the corresponding epoxide. 



mCPBA 




^^^^ CH2Cl2.25*'C 
A solution of 7-mtro.3,4-dihydronaphthalene (9. 18g; 0.052 mol) (from Preparation 2) 
in CHjClj (600 ml) was cooled to 0 "C and treated with w-CPBA, 57-85%, (13.86 g, 
approx. 0.056 mol, approx. 1.1 equiv). The reaction mixture was aUowed to stir for 48 
h, slowly warming to room temperature. The mixture was treated with aqueous 
NaHC03 (300 ml) and the organic layer was separated. The organic layer was extracted 
with additional aqueous NaHCO,, washed with aqueous NaCl, dried (Na,SO,), filtered 
and concentrated under reduced pressure to give l,2.epoxy.7.nitro.3,4- 
dihydronaphthalene (9.94, 100%) as a white soBd which was used in the next s^ep 
without fiirther purification.. R,(siKca gel): 0.56 (70% hexane: 30%EtOAc)^HNMR 
(300 MHZ, CDCy 8.24 (s. IH), 8.08 (dd, J= 1.8 and 8. 1 Hz, IH), 7.23 (d. J= 8. 1 Hz, 
IH). 3.92 (d, y = 4.2 Hz. IH). 3.77 (s. IH). 2.87-2.62 (m, 2H). 2.47 (dd, J= 6.6 and 
14.4Hz.lI^),1.78(dt,y=5.7andl4.1H2,lH). "C NMR (75 MHZ, CDCI3) 146.5, 
144.7. 134.5, 129.4. 124.4, 123.4. 54.7, 51.8, 24.5, 21.0. 

Preparation 4 

Synthesis of rr<j7^-1 -fimino-7-nitro-i 7 ^ 4-t^«.h Yf i r n-?.-nap hti,,i^^i 

In this preparation, the epoxide is reacted with ammonium hydroxide to give the 
corresponding amino alcohol. 




NH4OH '^^T'^Yl'^ 
THF/EtOH. 50 <»C 



A solution of 1.2-epoxy.7.nitro-3.4-dihydroronaphthalene (10.84 g; 0.057 mol) (from 
Preparation 3) in THF (50 ml) and EtOH (50 ml) was heated to 40»C and NH.OH (60 
ml) was added dropwise over the course of 1 h. After the addition was complete, the 
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temperature was increased to 60'C and the reaction was stirred for 24 h. An additional 
50 ml of NH,OH was added and the reaction was stirred for another 24 h. The solvent 
was i^noved under reduced pressure to give a brown powder (10.73 g) that was dried 
under high vacuum at SO'C for 48 h. The l>-a«^-l-amino-7.nitro-l,2,3,4.tetrahydro-2. 
naphthalenol was used m the next two preparations without further purification. 

Preparflfir^n s 

The penpiral gvnthftsig ^ > f , ■ secondary f ^r nines as j ll^^fftniffd f"r the s th •< 

n?gp^n-]-amino-7-nitro-l ? 3 4-tPtr.hvHrn.9-n.p i,^t,,|^ n ^ | 

In this preparation, the amino alcohol is reacted with an aldehyde to attach an R' 
moiety to the ammo group, where R' is equivalent to R' as defined in formula (I). 



give trrmfi.K[. 






NtBHCOAc), 

The amino alcohol is reacted in Suitable sXerTwith the aldehyde under 
reductive amination conditions. Suitable solvents in which the reaction can be conducted 
include glacial acetic acid, MeOH, or l,2.dichloroethane. Suitable reducing agents 
mclude sodium triacetoxyborohydride, sodium cyanoborohydride, or sodium 
borohydride. 

A solution of />-a«5.1.amino-7-mtro-l,2,3,4.tetrahydro-2.naphthalenol (0 58 g 
2.8 mmol) (from Preparation 4) in glacial acetic acid was treated with benzaldehydi 
(0.31 ml; 3.0 mmol; 1.1 equiv.) followed by sodium triacetoxyborohydride (0 82 g 3 9 
mmol; 1.4 equiv.). The r^on mixture was aUowed to stir at room temperature for 1 6 
h. The r^on mixture was diluted with EtOAc (50 ml) and the pH was adjusted to pH 
= 9 by the addition of 1 N NaOH. The organic layer was separated, washed with 
aqueousNaCl (50 ml), filtered, dried (Na,SO^ and concentrated under reduced pressure 
The cmde product was purified by flash chromatography on siUca gel to give trans-N- 
(ben^l)-l-amino-7-nitro-1.2.3.4-tetrBhydro.2.naphthalenol (0.37 g; 440/0). R, (sihca gel) 
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0.58(60%EtOAc: 20o/ohexane: 20%CH,Cy; ^HNMR(300MHz, ^,-acetone) 8 38 
(d, y = 2. 1 Hz. IH), 7.96 (dd. y = 2. 1 and 8.7 Hz, IH), 7.43 (d, J= 7.2 Hz, 2H), 7 35- 
7.30 (m, 3H), 7.25-7.20 (m. IH), 4.20-t.l4 (m, IH), 3.93 (d, J= 13.5 Hz, IH), 3.81 (s 
IH), 3.80 (d, y= 6 a; IH), 3.77 (d, J= 13.5 Hz, IH), 3.07-2.84 (m, 2H), 2.27-2. 17 (m,' 
IH), 1.97-1.96 (m, IH); "CNMR (75 MHz, ^,-acetone) 146.5, 145.6, 141.3, 139.8, 
129.6, 128.3 (two carbons), 128.2 (two carbons), 126.8, 124.2, 121 1 67 2 61 9 49 8' 
27.5,26.3. ' ■ ' ' ' 



Preparafinfi 

The petiftn 




Whae the amino alcohol of Preparation 4 or 5 can be optionaUy protected with 
conventional protecting group(s) as are commonly employed to block or protect the 
amino (-NH^ and/or the hydroxy (-OH) functionaUty whne reacting other functional 
groups on the parent compound, this (and the subsequent) preparations shows that it is 
possible to react the amino alcohol directly without use of any protectmg group(s). 

In this preparation, the amino alcohol is reacted with a sulfonyl chloride to attach 
an R'-SO^- moiety to the amino group, where R' is equivalent to R^-Y^ as defined in 
formula a) and elsewhere. The ammo alcohol is reacted in a suitable solvent with the 
sulfonyl chloride (R'SO.Cl) or sulfonyl anhydride in the presence of an add scavenger. 
Suitable solvents in which the reaction can be conducted include methylene chloride 
DMF and tetrahydrofiiran. Suitable acid scavengers include triethylamine, and pyridine! 



NH, T ^ 



cat DMAP. NEt, 
THF. 25*'C 




A solution of /^a/ty-l-amino-7-nitro-l,2,3.4-tetrahydro-2-naphthalenol (0.91 g; 
4.37 mmol) (from Preparation 4) in THF (20 ml) was cooled to 0 "C and treated with 
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DMAP (0.010 g; 0.082 mmol, 0.02 equiv), NEt, (0.90 ml; 6.46 mmol; 1.5 equiv) and 4- 
ethylbenzene sulfonyl cWoride (1.05 g; 5.13 mmol; 1.2 equiv). After 15 min at 0°C, the 
reaction was allowed to warm up to room temperature and stirred for an additional 24 
h. The solvent was removed under reduced pressure and the residue was treated with 
EtOAc (150 ml) and a 20% aqueous solution of cone. HCl (50 ml). The organic layer 
was separated, washed with aqueous NaCI (50 ml), filtered, dried (Na^SOJ, and 
concentrated. The crude product was purified by flash chromatography on siKca gel to 
givefrmy-Ar-(4-ethylphenyisulfonyl>l-amino-7.nitro-l,2,3,4-^ 
as a tan solid (1.10 g; 67«/o). (siUca gel): 0.67 (60% EtOAc: 20% hexane: 20% 
CH^Clj); ^HNMR (300 MHZ. CDCI3) 7.93 (d, J= 2.1 Hz, IH), 7.89 (d. J= 8.4 Hz, 
2H), 7.44 (d, y= 8.4 Hz, 2H), 7.40 (d, 2.1 Hz, IH), 7.20 (d, J= 8.7 Hz, IH), 5.21 
(d, 7= 8.1 Hz, IH), 4.28 (t, J= 7.8 Hz, IH), 4.07-4.04 (m, IH). 3.03 (d, J= 2.7 Hz, 
11^, 2.98-2.88 (m,2H),2.77(q,y=7.5 Hz. 21^, 2.51.2.16(m, IH), 1.29 (t, y= 7.5 Hz, 
3H); "CNMR(75MHZ,CDCl3) 150.7, 146.5. 144.7. 136.9. 135.7, 129.7, 129.1 (two 
carbons), 127.1 (two carbons), 123.8, 122.3, 70.4, 58.4, 28.6, 27.1, 26.3, 14.7. 

Preparation 7 

The general procedure for the reduction of the ammatin nitm fi inctinnaiitv PC ni,,ff |rnt^^ 
for the synthesis of ?^aff.v-An-r4-f?thvlnhenvlsiilfonvn-i 7-dian,inn - i .2 3 4-t^«hvHr^-o- 

naohthalennl 

The sulfoiQrlated product of Preparation 6 is reduced in this preparation to give 
the corresponding aniline. 





^^"^ Y^Tl^" NaBH4. cat. NiCb H2N 

THF/MeOH, 0°C 

A solution of »-a^-iSr.(4-ethylphenylsulfonyl)-l-amino-7-nitro-l,2,3.4-tetrahydro-2- 
naphthalenol (0.96 g; 2.6 mmol) (fi-om Preparation 6) in THF (15 ml) and MeOH (10 ml) 
was cooled to O^C and treated with NaBH, (0.46 g; 12.2 mmol; 4.7 equiv.) foUowed 
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immediately by NiCIj (0.15 g; 1.2 mmol, 0.5 equiv.). After 15 min at 0°C, the reaction 
was allowed to warm up to room temperature and stirred for an additional 1 h. The 
solvent was removed under reduced pressure to leave a black residue which was treated 
withEtOAc (100 ml) and aqueous NaCl (100 ml). The aqueous layer was separated and 
extracted with additional EtOAc (3 x 50 ml). The combined organic layers were dried 
(NajSOJ, fUtered, and concentrated under reduced pressure to give irans-m-(4. 
ethyIphenylsulfonyl>l,7KUamino-l,2,3,4-tetrahydro-2-naphthalenol as a tan soUd (0.79g; 
89%) which was used without ftirther purification in the next step. (siUca gel): 0.43 
(60%EtOAc: 20% hexane: 20% CHjClj); *HNMR(300MHZ, d^-MeOH) 7.86(d,J 
= 8.4 Hz, 21^, 7.45 (d, J= 8.4 Hz, 2H), 6.80 (d, J= 8. 1 Hz, IH). 6.55 (dd, J= 2.4 and 
8.4 Hz, IH), 6.03 (d, J= 1.8 Hz, IH). 4.10 (d, 4.8 Hz, IH), 3.92-3.88 (m, IH), 
2.81-2.71 (m, 3H), 2.60-2.51 (m, IH), 2.06-1.96 (m, IH). 1.81-1.73 (m, IH), 1.30 (t, 
J= 7.5 Hz. 3H); »C NMR (75 MHZ, c/,-DMSO) 148.8, 146.8, 140.8, 135.5, 129.1, 
128.8, 127.1, 124.5, 115.5, 114.5. 68.4, 57.1. 28.4. 25.9, 23.4. 15.5. 

Preparation R 

Synthesis of rrffff.v-Y1-(4-ftbvlnhenvlsiilfonvn-Ar7-r4-triflnnr» n iethnwh>.n^n-l 7 - 

diamino-1.2.3 4-tetrahYflro-2-naphth«.l#.n^| 

In this preparation, the amino group on the aniline product of Preparation 7 is 
substituted. 





18-crown-€ "-s«#''\^ 
DMF, 25»C 

A solution of fra«s-M.(4-ethylphenylsulfonyl)-1.7-diamino-l,2,3,4-tetrahydro-2- 
naphthalenol (0.049 g; 0. 14 mmol) (from Preparation 6) in anhydrous DMF (2 ml) was 
treated with K^CO, (0.040 g; 0.29 mmol; 2.1 equiv.) and 18-crown-6 (0.060 g; 0.23 
mmol; 1.6 equiv.) followed by 4-trifluoromethoxybenzyl bromide (30 ^M; 0.19mmol; 
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1.3 equiv.). The reaction mixture was iieated to eO'C and allowed stir 24 h. The 
reactionniixturewasdiIutedwithEtOAc(10ml)and lNHCl(20ml). The organic layer 
was separated, washed with additional IN HCl (20 ml) and brine (20 ml), dried 
(N&jSO^), filtered and concentrated. The crude product was purified by flash 
chromatography on sihca gel to give /rans-M-(4-ethylphenyIsuIfonyl)-A7-(4. 
trifluoromethoxybenzyl)-l,7-dianuno-l,2,3,4- tetrahydro-2-naphthalenol (0.035 g; 48%) 
as a white solid. (siUca gel): 0.54 (30% EtOAc: 40% hexane: 30% CH^CQ; 
NMR (300 MHZ, J^DMSO) 7.84 (d, J= 7.8 Hz, IH), 7.77 (d, 7= 8. 1 Hz, 2H), 7.39 
(d, y = 6.0 Hz, 2H). 7.36 (d, 7= 6.0 Hz, 2h), 7.28 (d, ^ = 8.4 Hz, 2H), 6.70 (d, J= 8.4 
Hz, IH), 6.39 (dd, J^2.1 and 8.4 Hz, IH), 6.03 (d, J= 1.8 Hz. IH). 5.89 (t. J=6.0 Hz, 
US), 4.68 (d, J= 3.3 Hz, 11^, 4.03-3.88 (m, 3H). 3.68 (d, J= 3.3 Hz, IH), 2.58 (q, J 
= 7.5 Hz. 21^. 2.64-2.57 (m, 1^. 2.39-2.30 (m, IH), 1.91-1.81 (m, IH). 1.60-1.54 (m, 
IH), 1.12 (t, y = 7.5 Hz, 3H); »C NMR (75 MHZ, c/,-DMSO) 148.8, 147.7, 146.9, 
140.5, 140.4, 135.3. 129.7. 129.3, 128.8. 127.2, 124.9, 121.4, 113.5, 113.0, 68.8, 57.0^ 
46.2, 28.3, 25.6, 23.2, 15.3. 

Preparatinn 0 

Synthesis Of rrf7f7.y-An-H-ff-propylphenvlsnlfonvlVAr7-r.tvrvirari..^ 
1.2.3.4-tetrahvdro-7,-naptitlifl|f.n^| 

In this preparation, an aniline analogous to that of Preparation 7 is acylated, 
for example using RCOCI where R is equivalent to R^-Y^ and is C=0 as defined in 
formula (I) and elsewhere to attach a substituent group to the amino group. 
n-Pr 




n-Pr 




1 

6 




NEta. DMF. 2S°C _ ^ 

A solution of />-a/is-M-(4-/i-propylphenylsulfonyI)-l,7-diamino-l,2,3,4-tetrahydro-2- 
naphthalenol (0.076 g; 0.21 mmol) in anhydrous DMF (2 ml) was cooled to 0°C and 
treated withNEt, (30 ^L. 0.22 mmol; 1 equiv) followed by cinnamoyi chloride (0.049 
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g; 0.29 mmol; 1.4 equiv). After 15 min at O^C. the reaction was aUowed to wann up to 
room temperature and stirred for an additional 12 h. The reaction mixture was diluted 
withEtOAc (15 ml) and INHCl (20 ml). The organic layer was separated, washed with 
additional INHCl (20 ml) and brine (20 ml), dried (Na,SO,), filtered and concentrated. 
The crude product was purified by flash chromatography on sihca gel to give trans-Nl- 
(4.,,.propylphenylsulfonyl)-Ar7-(styrylcarbamoyl)-1.7-diamino-l,2.3,4-teti^yd 
naphthalenol (0.061 g; 590/0) as a white soUd.R,(smca gel): 0.61 (eO'/o EtOAc 20o/o 
hexane: 20o/„ CH,Cy; ); ^HNMR (300 MHZ, ^DMSO) 10.06 (s, IH), 7.96 (d, J= 
8. 1 Hz. 11^. 7.76 (d, y = 8.4 Hz. 2H). 7.62-7.53 (m, 4H). 7.46-7.39 (m, 5H). 7.04 (d 
J- 8.4 Hz, IH), 6.82 (d, J= 15.6 Hz. 11^, 4.81 (d, y= 3.0 Hz. IH). 4. 16 (d, J= 4. 1 Hz,' 
IH), 3.61 (d, J= 2.7 Hz. 11^. 2.76-2.66 (m, IH), 2.61 (t, 7.5 Hz, 2H). 2.58-2.50 (m. 
IH), 2.00-1.85 (m. IH). 1.60-1.53 (m, 3H). 0.85 (t, ^ = 7.5 Hz, 3H); "C NMR (75 
MHZ.d^DMSO) 163.8, 147.2. 140.6. 140.4. 137.5, 135.6, 135.4, 132.5, 130 2 129 6 
(two carbons), 129.4 (two cartoons). 129.1. 128.2 (two carbons), 126.9 (two carbons) 
123.0, 121.9. 119.4. 67.9. 56.8, 37.4, 25.2, 24.0. 23.5, 13.9. 

When using a protecting group in connection with a specific synthesis, the species 
of protecting group used is not critical so long as the derivatized -NH, or -OH group is 
stable to the condition(s) of subsequent reaction(s) and can be removed at the 
appropriate point without disrupting the remainder of the molecule. For amino 
protecting groups see T.W. Greene and P. Wuts, Protective r^...p c r.,^^^.. 
Sxnthssia. Chapter 7 (1991). Preferred amino protectmg groups are t-butoxycari,onyl 
(Boc). phthalimide. a cyclic alkyl. and benzyloxycart,onyl. For hydroxy protecting 
groups see T.W. Greene and P. Wuts, Prot ective Groups in Or.W .WK., f, chapter 
2 (1991). A suitable "hydroxy protecting group" includes one of the ether or ester 
derivatives of the hydroxy group commonly employed to block or protect the hydroxy 
group whUe reactions are carried out on other functional groups on a compound. 
Hydroxy protecting groups include tert-butyldiphenylsilyloxy (TBDPS) tert- 
butyldimethylsilyloxy (TBDMS), triphenylmethyl (trityl), mono- or di- methoxytrityl, or 
an alkyl or aryl ester. 
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Using the principles and techniques of Preparations 1 through 9 (and methods 
available from the Uterature. such as WO 98/04521 and WO 98/36749) , and appropriate 
starting materials, which wiU be well-understood by those skilled in the art a variety of 
other compounds felling within the scope of the present invention can be synthesized 
In this regard, compounds listed in the foUowing Tables lA, IB and IC can be 
synthesized. 

Table lA 
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fraity-2-<4-chlorophcnyl)cthcnyl 



3-metho3cyphcnvl 



•c(o> 



4-chlorophcnylcthynyi 
phcn^^ethynyl 



3-mcthoxyphcnyi 
3-mcthoxyphenyt 




4-cthyiphcnyi 
4«c<h^phcnyi 



phenyl 
phenyl 



■NHC(0> 
-trans-CHCHCCOV 

<xpy 

■CgCC(Q> 



36 
37 
38 



4-eth3dphcny 
4<thyiphcny! 
4-n-propylphcnvl 



phcnyicthynyi 
4-mcthoxyphenyi 
2-mcthoxyphenyl 



4-cthyipheny i 



4>isopropvIphenyl 



4'Cth>iphcnyi 



42 



43 



4Hi-prop34phcnvi 



4-cChyiphcnyl 



4-cthylphcnyi 



4-biphcnyi 



3-tDlyl 



3,SKlimcthoxyphenyi 



-C(0)- 



45 



4-n-prop5lphcn\d 



4-cthytphcnyi 



3-tolyi 



3-cthoxyphenyi 



47 



48 



49 



50 



51 
52 



4-isopropylphen\1 



4-n-propylphcnyl 



3-cthoxyphcnyi 



2-naphth>i 



3-eflioxyphcnyl 



4-isopropylphcnvi 



4»mcthoxyphcnyi 



4-mcthoxyphcnyl 



phcn>i 



3-tol>1 



phcn>i 



phenyl 



trans<n3CKC(Oy 



-iraits<:RCBC(Oy 



53 



54 



55 
56 



phenyl 



fra«j^2-(4-chlorophcnvi)ethcnyl 



phenyl 



phenyl 



fraw-2-<4-chlorophcnyl)cthcnyl 



3-tolyl 



4>tDlyl 



2^-diphcneth^ 



-fraw5-CHCHC(OV 



-CsCC(0> 



)hcn)4 



2^-diphenethyl 



58 



4-methoxy-2,6-dimcthylphenvl 



4-ethylphenyl 



3«mcthaxyphenyt 



>hcnyl-KH- 



<Koy 



5-ch!oro>2-naphthyl 



4-mcttioxyphcnyl 



61 



4-ethylphen)d 



3»4-<ltchlorophenyl 



4-trifluoiom6thoxy 
)hcnyl 



3-tnfIuoromethoxy 
phenyl 



-C(0> 
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63 



170 



4-bromophcnv 
! 4>nitrophcnvl 
I 4-chlofophenyicthynyi 

4-chlorophcn>1cthy nyl 
I 4^hlorophcnyicthynyl 
I 4H;hlorophcnyletfayii^ 



bcnzyi 



benzyl 



4-flitrophcny 
I 4^n«propylphcnyl 
I 4-etfa>iphcny 

4-acctyiphcny! 

4>toly! 
I 4-mctho x 
phenyl 



jihcny 

I 2-thicnyi 
I 4-cthyipheny 
j 4Hi-buWphcnv 
4-n-i>eirtyIphenyi 



4^-propylphcnvi 
phenyl 



I phenyl 

J 3-trifluoromcth^phen\ 
4«cth>dphcnyi 
4»isopropylphcnyi 



4-mcthoxyphcnyl 
4-ethylpheny 
4-isopropylphcnvI 
4»n-propyip hcnv 
I 3-tDlyI 



3«niti 
3-tolyi 

I 4-eth yiphcny 




3-tri£luoromethoxy 
[hcny 

3-trifluoronietho?Qr 
phenyl 



3«cthoxyphcny 

3- methoxyphenyl 

4- tolyl 
phenyl 
4^1yl 
phenyl 



3«methoxyphcnyl 



4'ethylphen^ 



2^cthoxyphcny 
4-mcthoxyphcnvi 
3^ty lphc 
4-tolyl 

3- methoxyphcn \ 

4- cttiyIphcn^ 

34ol> 
3>mcthoxyphenvl 



3-mcthoxvphcnv 
3Hmcthoxyp hcnv 
heny 
phenyl 
phenyl 



4-flitrophcny 
4-cth>iphenyl 



3,4-dimethylphenvl 
3,4-dimcthylp henv 
3-tolyl 
3-tolyl 



3- tolyl 

4- fluorophcnvl 
4-fluorophenvl 
4-fluofophcnv 
4-cthyiphcnyl 



34-dim cthox 
3-tolyl 
diphcncthv 



pheny 



|-C(0> 



-c(o> 
•c(o> 

-ceo 

■C(0> 

joy 
-c(o> 



-CH,C(0> 
-CH,C(0> 
-CH,C(0>- 



-c(o> 



l-c(o> 
l-c(o> 

-€(0)- 



-C(0> 

I -ceo 

-C(0> 



•C(0)- 
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99 




4«isopropylphenyl 



diphcncthyl 



•c(py 



105 



106 



107 



4-ni 



propylphcnyl 



diphcncthyl 




4-cthyiphcnyl 



4-isopiDp^phcnyl 



4-dimcthyi aminophcnyi 



•C(0> 



4-i8oprop3^phcnyI 



2^-dimcthylcthenyl 



3-tDlyl 



4-nitrophen^ 



4»fluorophcnyl 



-c(o> 



3-toiyt 



3-mcthoxyphcn>1 



110 



23,64rimcthyi-4-mcfhoxyphenyi 



4^cthoxy-23,6-trimcthyIphcnvl 



3-nicthoxyphcnyl 



phenyl 



-c(o> 



2-phcncthyi 



3-mcthoxyphcnyi 



^anj-2-phcnylcthcnyi 



3-mcthoxyphcnyl 



4«n-propylphen]^ 



3 >S-dimcthoxyphcnyi 



4-t-am>4phcn\d 



3-mcthoxyphcn\d 



116 



117 



118 



^sopropyiphcnyi 



4-trifluoro mcthoxyphcnvl 



4«mcthoxyphenyl 



4-tiifluomicth3dphenyl 



phenyl 



■CHtC(0> 



3-chloroDhenv 



3-toW 



-C(0)- 



3-mcthoxvDhenv 



Table IB 



Entry 
119 


4-cthyIphcnyl 


3-mcthoxyphcnyl 


OH 

R^ 

benzyl 


R* 

U 




120 
121 
122 


lit 


cyclopropyl 

3-mcthoxyphcnyl 

3-mcthoxyphenyl 


benzyl 

butyl 

n 


H 
H 
H 


-C(0> 
-C(0> 


123 


4-cth5dphcnyl 


cyctopropy! 


n 


H 


-C(0> 


124 


4-mctho)ty.23,6- 
frimethvtphenvl 


3-pyridinc 


H 


H 
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Table IC 




Entry 



158 



159 
160 



4-cthyiphcnyi 



4>cthylphcnyl 
4-cthvlphenYi 



-mcthoxyphcnyl 



4«fncthoxyphenyl 



H 



H 



-c(oy 



t-butvi 
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161 
162 

163 

164 



165 

166 
167 
168 
169 

170 
171 



175 




4'Cthyiphcny 
4-cthyIphcnyi 

4-ethyIphenyl 

4-cthylphcnyl 



4-cthylphenyl 

4>cth>iphcn3d 
4-ethylphenyl 
4-cth>1phcnyi 
4-ethylphen>1 

4-methoxy.23,6-trimethyiphcnvi 
4-cthylphcnyi 



4-ethyiphenyi 



3-chlorophcn v 
cycloprpanc 

methyl 

t-butjd 



3-incthoxyphcnyi 

3-metho?^hcnyl 
cyclopropane 
t-butyi 

h" 

3- pyndyi 

4- pyrid>1 






N 

H 
H 




4-ethylphenyi 




H 



H 



H 




H 



-C(0> 



■C(.oy 



■c(.oy 
-c(oy 
■c(py 



-CH,- 



-CH,- 



EXAMPTITS BioAssays 
"Rb Efllux Assays: 

Cells stably transfected with cDNA for human Kvl.5 (m pcDNA3 veaor) 
were grown as confluent monolayers in 96 well tissue culture plates in MEM alpha 
with 10% heat inactivated fetal bovine serum and 400 ^g/nll G418. Cells were 
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incubated overnight in growth media containing 1 nCi/ml ««Rb to permit intraceUular 
uptake of the isotope. At the end of the incubation period, the ««Rb solution was 
aspirated and the ceUs washed three times with Earls Balanced Salt Solution (BBSS) 
which contained (in mM) 132 NaCl, 5.4 KCl, 1.8 CaCl^ 0.8 mM MgCl, 10 mM 
HEPES and 5 mM glucose. The ceUs were then preincubated for 10 minutes at room 
temperature in 100 ^1/weU of BBSS or EBSS containing test compounds. At the end 
of this period the wells were aspirated and to each weU was then added 100 ^l of a 
modified EBSS solution containing 70 mM KCl (NaCl replaced by KCl) and the 
compound to be tested. The high KCl concentration was utilized to depolarize the 
ceUs to membrane potentials that would activate Kvl.5 channels. After a 1 minute 
incubation in 70 mM KCl EBSS plus test compound, the solution was removed and 
placed mto the appropriate weU of a 96 well counting plate for analysis. FinaUy 100 
Hi of 0.1% sodium docecyl sulfate in EBSS was added to each weU to lyse the cells. 
The lysate was taken for analysis to determine final ceU content of^Rh. Samples 
were counted in a WaUac Microbeta Uquid scintillation counter by Cerenkov emission. 
Efflux was expressed as a percentage of the initial ceU content of "^Rb. 

The testing results of selective compounds from Tables 1 A-C using this assay 
are reported in Table 2 (flux) as the potency for inhibition of ««Rb efflux through 
Kvl.5 potassium channels expressed in CHO ceUs by compounds of the invention. 
Electrophysiological studies 

Electrophysiological recordings of potassmm currents in Chinese hamster 
ovary ceUs stably expressing the gene construct for the Kvl.5 potassium channel 
subunit were performed using the whole ceU configuration of the patch clamp 
technique (HamiU et al., PJIugers Archiv 391:85, 1981). CeU lines expressing Kvl.5 
were prepared using standard techniques known to those skilled in the art. Cells were 
plated on glass coverslips at a density of 2 x 10* cells/coversUp and used within 24-48 
hours. Solutions used for elearophysiological recordings were as foUows. 
Extracellular bathing solutions contained (in mM) 132 NaCl, 5.4 KCl, 1.8 CaClj, 0.8 
MgCl2, 10 HEPES, 5 glucose at pH 7.3. Electrode pipette solutions for measuring 
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Kvl.5 contain (in mM) 100 KF, 40 KCI, 5 NaCI, 2 MgClj, 5 mM EGTA, 10 mM 
HEPES and 5 glucose at pH 7.4, 295 mOsm. The coversUps were placed in a smaU 
chamber (volume ~ 200 on the mechanical stage of an inverted microscope and 
perfiised (2 ml/min) with extracellular recording solution. Drug was applied using a 
series of narrow-bore glass capillary tubes (inner diameter -100 ^m) positioned 
approximately 200 |im from the cell. 

The testing results of selective compounds from Tables lA-C using this assay 
are reported in Table 2 (EP) as the potency for inhibition of Kvl.5 potassium currents 
by compounds of the invention. 



Table 2 



Entry 
# 


IC5o(nM) 
(EP) 


IC5o(nM) 
(flux) 


1 


0.25 


6.8 


13 


0.4 


>50 


19 


0.05 


2.9 


24 


0.6 


5.9 


28 


0.09 


5.9 


40 


ND 


9 


60 


0.5 


>50 


70 


2.1 


29 


85 


ND 


46 


97 


ND 


39 


103 


ND 


20 


110 


ND 


12 


123 


0.1 


ND 


132 


0.5 


ND 


135 


0.1 


ND 


158 


0.6 


ND 


162 


0.2 


ND 



The principles, preferred embodiments and modes of operation of the 
present invention have been described in the foregoing specification. The 
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invention which is intended to be protected herein, however, is not to be construed 
as limited to the particular forms disclosed, since they are to be regarded as 
iUustrative rather than restrictive. Variations and changes may be made by those 
skilled in the art without departing from the spirit of the invention. Those skilled 
in the art will recognize variations in the processes as described above and wiU 
recognize appropriate modifications based on the above disclosure for making and 
using the compoimds of the invention. 

In the forgoing specification, the following abbreviations are used: 





Designation 


Beagent or Fragment 


10 


m-CPBA 


/«€fa-chloroperoxybenzoic acid 




THF 


tetrahydrofiiran 




TLC 


Thin Layer Chromotagraphy 




DMF 


dimethylformanude 




DMAP 


/>ara-dimethylanunopyridine 


15 


Me 


methyl 




Et 


ethyl 




EtOH 


ethanol 




MeOH 


methanol 




EtOAc 


ethyl acetate 


20 


TsOH • H2O 


jTom-tolumesulfonic acid • water 




NEtj 


triethylamine 




DMSO 


dimetiiylsulfoxide 




n-Pr 


w-propyl 




NMR 


nuclear magnetic resonance 


25 


MHz 


megahertz 




Hz 


hertz 




CDCij 


chloroform-^/ 
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Designation 
UV 

cat. 



Reagent or Fragment 
ultra-violet 
retention factor 
Catalytic 
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CLAIMS 

We claim: 

1. A compound of formula (I) or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof: 



r2 




\, I /A (I) 



wh^in tis 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aiyl, an optionaUy substituted heteroaiyl, an optionally substituted 
heterocyclyl and an optionally substituted caibocycloalkyi with the proviso that when 
R^ is an optionaUy substituted aryl, then R* is not a dialkoxyphenyl; 

is (CBj),, (CH2)^0, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 
or 2, with the proviso that if is (CH^), and q=0, then R» cannot be H; 

is C=0, C=S, or SOj; with the proviso that if is (CH^^O, then X^ 



^2 

is not SOj, 

R' is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionaUy substituted heterocycle, an optionally substituted 
heterocyclyl, an optionaUy substituted carbocycloaUcyl, or an aU£ylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), aUcylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
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alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR", SR» 
or NR"R"; where R" is selected from the group consisting of H, (CH^^-R\ or 
C(0)-(CH2),-R«; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CH2^(R\, 
CH2N(R')3L, or CO2R'; each R' is independentiy selected from H, or alkyl; L is a 
counter ion; R" is H, or alkyl; and R" is H, alkyl or CO^R" and R»° is H, or 
alkyl; 

R' is selected from the group consisting of H, alkyl, an optionally substituted 
aiyl, an optionaUy substituted aralkyi, an optionaUy substituted heteroaiyl, an 
optionally substituted heterocyclyl, an optionaUy substituted heteroaralkyl, an 
optionally substibited carbocycloalkyl, R'-O-, and R^R'-N- ; where R* and R" are 
independentiy selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyi, an optionally substituted heteroaryl, an 
optionaUy substituted heterocyclyl, an optionaUy substiUited heteroaiaUcyl, and an 
optionaUy substitiited carbocycloaUcyl; R' is selected from tiie group consisting of 
H, aUcyl, an optionaUy substituted aryl, an optionaUy substituted araUcyl, an 
optionaUy substitiited heteroaryl, an optionaUy substitiited heterocyclyl, an 
optionaUy substitiited heteroaiaUcyl, and an optionaUy substitiited carbocycloalkyl; 
or R' and W along witii tiie nitirogen to which tiiey are attached form a 
hetCTocyclyl; 

Y» is (CH2),, CHR"(CH2)„, HC=CH, or etiiynyl; where R" is aUqrl or is 
selected from tiie group consisting of an optionaUy substitiited aryl, an optionaUy 
substitiited heteroaryl, an optionaUy substitiited heterocyclyl and an optionaUy 
substitiited carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X' is C=0, C=S, SOjOr (CHj)^; where n is 0, 1, or 2; 

is H, alkyl, an optionaUy substitiited aryl, an optionally substituted 
araUcyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaraUcyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substitiited carbocycloalkyl, or an alkylene-(substituted 
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amino); and 

with the provisos (i) that if Y» is (CH^)^, p is 0 and X' is not (CHj)„, then 
is not H, (ii) that if is R'-O and is (CH^)^ with p=0, then X' is not SO^ 
and (iii) if Z is not H, OR", SR" or NR"r«, then X^ must be SO,. 
2. The compound of claim 1 wherein A and B are each H and the formula (I) has 
a stereochemical configuration of substituents in accordance with the following 
formula (la): 



\ 




3. A compound of formula (n) or a phannaceuticaUy acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof: 



\ 




(H) 



wherein t is 1, or 2; 

R* IS H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
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heterocyclyl and an optionaUy substituted carbocycloalkyl with the proviso that when 
R' is an optionaUy substituted aryl, then is not a dialkoxyphenyl; 

is (CHX (CH^^O, HC=CH, ethynyl or NH, w is 0. 1, or 2 and q is 0, 1, 
or 2, with the proviso that if is (CH^), and q=0, then cannot be H; 

is C=0, C=S, or SO^; with the proviso that if is (CHJ^O then X? is not 

R^ is H, alkyi, an optionally substituted aryl, or an optionaUy substituted 
heteroaryl; 

Z is H. OR", SR" or NR"R«; where R" is selected from the group 
consisting of H, (CH^^-R*. or C(0)-(CH^,-R«; m is 1, 2, 3, or 4; r is 0, 1, 2, or 
3; R» is CHjN(R%, CH^NCR'),^ or CO,R'; each R' is independently selected 
ftom H, or alkyl; L is a counter ion; R" is H, or alkyl; and R*« is H, alkyi or 
COjR" and R" is H, or alkyl; 

R2 is selected from the group consisting of H, aUcyl, an optionaUy substituted 

aiyl, an optionally substituted heteroaryl, an optionaUy substituted heterocyclyl, an 

optionaUy substituted carbocycloaUcyl, R«-0-, and R'TR-'-N- ; where R' and R" are 

independently selected from the group consisting of aUcyl, an optionaUy substituted 

aryl, an optionaUy substituted heteroaryl, an optionaUy substituted heterocyclyl and an 

optionaUy substituted carbocycloaUcyl; R' is selected from the group consisting of 

H, alkyl, an optionally substituted aryl, an optionaUy substituted heteroaryl, an 

optionaUy substitiited heterocyclyl and an optionaUy substitiited carbocycloalkyl; 

is (CH^)^, CHR"(CH2)„ HC=CH, or ethynyl; where R" is aUcyl or is 

selected from the group consisting of an optionaUy substituted aryl, an optionaUy 

substituted heteroaryl, an optionaUy substituted heterocyclyl and an optionaUy 

substituted carbocycloaUcyl; p is 0. 1, 2, or 3; and o is 0, 1, or 2 

is C=0, C=S, SO2 or (CH^),; where n is 0, 1, or 2; 

R* is H, alkyl, an optionaUy substituted aryl, or an optionally substituted 
heteroaryl; and 

with the provisos (i) that if Y» is (CH^^, p is 0 and X' is not (CH^)^ then R^ is 
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not H, and (ii) that if is R'-O- and Y» is (CHj)^ with p=0„ then X* is not SO^. 
4. A compound of formula CO or a pharmaceuticaUy acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodnig thereof: 




0) 



wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

R* is H, alkyl, or is selected from the group consisting of an optionally 

substituted aryl, an optionally substituted heteroaryl, an optionally substituted 

heterocyclyl and an optionally substituted carbocycloalkyl witii the proviso tiiat 

when R» is an optionally substituted aryl, tiien R* is not a dialkoxyphenyl; 

is (CHj),, (CH^O, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 

or 2, witii the proviso that if is (CH^), and q=0, then R» cannot be H; 

X^ is C=0, C=S, or SOj; with tiie proviso that if is (CHj)^©, tiien X^ 
is not SOj; 

R' is H, alkyl, an optionally substituted aryl, an optionally substituted 
aialkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl. an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
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alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR", SR" 
or NR"R"; where R" is selected from the group consisting of H, (CH2)„-R*, or 
C(0)-(CH2),-R''; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R» is CHjNCR^, 
CH2N(R')3L, or CO^R'; each R' is independenfly selected from H, or alkyl; L is a 
counter ion; R" is H, or alkyl; and R" is H, alkyl or COjR*" and R»° is H, or 
alkyl; 

is selected from the group consisting of H, alkyl, an optionally 
substituted aryl, an optionally substituted aralkyl, an optionaUy substituted 
heteroaryl, an optionaUy substituted heterocyclyl, an optionally substituted 
heteroaralkyl, an optionaUy substituted caibocycloaUcyl, R'-O-, and R''R«-N- ; 
where R* and R" are independenUy selected from the group consisting of aUsyl, an 
optionaUy substituted aryl, an optionaUy substituted araUcyl, an optionaUy 
substituted heteroaryl, an optionaUy substituted hetraocyclyl, an optionaUy 
substituted heteroaraUcyl, and an optionaUy substituted carbocycloaUcyl; R' is 
selected from the group consisting of H, aUcyl, an optionaUy substitiited aryl, an 
optionaUy substituted araUcyl, an optionaUy substitiited heteroaryl, an optionaUy 
substitiited heterocyclyl, an optionaUy substitiited heteroaraUcyl, and an optionaUy 
substitiited carbocycloaUcyl; or R" and R' along witii tiie nitrogen to which tiiey are 
attached form a heterocyclyl; 

Y» is (CH^),, CHR"(CH2)„, HC=CH, or etiiynyl; where R" is aUqrl or is 
selected from tiie group consisting of an optionaUy substitiited aryl, an optionaUy 
substitiited heteroaryl, an optionaUy substitiited heterocyclyl and an optionaUy 
substitiited carbocycloaUcyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X' is C=0, C=S, SO2 , or (CH2)„; where n is 0, 1, or 2; 

R^ is H, alkyl, an optionally substitiited aryl, an optionally substitiited 
aralkyl, an optionally substitiited heteroaryl, an optionally substitiited 
heteroaralkyl; an optionally substitiited heterocycle, an optionally substitiited 
heterocyclyl, an optionally substitiited carbocycloalkyl, or an alkylene-(substitiited 
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amino); and 



with the provisos (i) that if Y' is (CH^„ p is 0 and X' is not (CH,) , then 
R is not H, (ii) that if is R'-O and V is (CH^, with p=0. then X' is no"t SO, 
and (iii) if Z is not H. OR". SR"or NR"R", then X^ must be SO,. 
5. The compound of claim 4 wherein A and B are each H and the fonnula (I) has 
a stereochemical configuration of substituents in accordance with the foUowing 
formula (la): 




da) 



6 



The compound of claim 1 or a pharmaceuticaUy acceptable salt, ester, amide 
complex, chelate, hydrate, stereoisomer, aystalline or amorphous form, metabolite, ' 
metaboUc precursor or prodrug thereof, wherein 
A and Bare each H; 

IS (CH,),, HC=CH, or ethynyl and q is 0, 1 or 2; 
X^isSO,; 

R^ is selected from the group of an optionally substituted aiyl and an 
optionally substituted heteroaryl; 

is C=0, C=S, or (CH,)„; wherein n is 0. 1, or 2; and 
Z is H or OR". 

7. The compound of claim 1 or a pharmaceuticaUy acceptable salt, ester amide 

complex, chelate, hydrate, stereoisomer, crystalline or amorphous fonn, metabolite ' 
metabolic precursor or prodrug thereof, wherein 

A and B are each H 
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is (CH2), and q is 0, 1, or2; 
is SO2; 

R' is H or an optionaUy substituted aryl seleaed from the group of phenyl and 
naphthyl; 

is C=0, or (CHj).; where n is 0, 1, or 2; and 
is (CHj),, CH=CH, or ethynyl where p is 0, 1, 2 or 3. 
8. The compound of claim 4 or a pharmaceutically acceptable salt, ester, amide, 
complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, metaboUte, ' 
metabohc precursor or prodrug thereoi^ wherein 
tis 1; 

A and Bare each H 

Y^is(CH2),andqisO; 

X^isSOj; 

is an optionaUy substituted aryl selected from the group of phenyl and 

naphthyl; 

X' is C=0, or (CHj),; where n is 0, 1, or 2; and 
Z is H, or OH; and 

Y' is CH=CH, ethynyl or (CH^^, where p is 0, 1, 2 or 3. 

9. The compound of claim 8 or a pharmaceutically acceptable salt, ester, amide, 
complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, metaboUte, 
metabolic precursor or prodrug thereof wherein R' is H. 

10. The compound of claim 9 wherein is an optionally substituted phenyl. 

11. A pharmaceutical composition comprismg a compound of claim 1 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metaboKte, metabolic precursor or 
prodrug and a pharmaceuticaUy acceptable dUuent or carrier. 

12. A pharmaceutical composition comprising a compound of claim 2 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metaboUte, metaboUc precursor or 
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prodrug and a pharmaceutically acceptable diluent or carrier. 

13. A pharmaceutical composition comprising a compound of claim 3 or its 
pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metaboUte, metaboUc precursor or 
prodrug and a pharmaceuticaUy acceptable dUuent or carrier. 

14. A pharmaceutical composition comprising a compound of claim 4 or its 
pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystaUine or amorphous form, metaboUte, metaboUc precursor or 
prodrug and a pharmaceuticaUy acceptable dUuent or carrier. 

15. A pharmaceutical composition comprising a compound of claun 5 or a 
pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystaUine or amorphous form, metaboUte, metaboUc precursor or 
prodrug thereof and a pharmaceuticaUy acceptable dUuent or carrier. 

16. A pharmaceutical composition comprising a compound of claim 6 or its 
pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystaUine or amorphous form, metaboUte, metaboUc precursor or 
prodrug and a pharmaceuticaUy acceptable dUuent or carrier. 

17. A pharmaceutical composition comprising a compound of claim 7 or its 
pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystaUine or amorphous form, metaboUte, metaboUc precursor or 
prodrug and a pharmaceuticaUy acceptable dUuent or carrier. 

18. A pharmaceutical composition comprising a compound of claim 8 or its 
pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystaUine or amorphous form, metaboUte, metaboUc precursor or 
prodrug and a pharmaceutically acceptable dUuent or carrier. 

19. A pharmaceutical composition comprising a compound of claim 9 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystaUme or amorphous form, metaboUte. metabolic precursor or 
prodrug and a pharmaceutically acceptable dUuent or carrier. 
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20. A pharmaceutical composition comprising a compound of claim 10 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metaboUte. metaboUc precursor or 
prodrug and a pharmaceuticaUy acceptable dUuent or carrier. 

21. A method for inhibiting potassium transport across cellular membranes 
possessing potassium chamiels comprising exposing a ceU membrane possessing said 
channels to the presence of a compound of formula (I) or a pharmaceutically 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, ciystalline or 
amorphous form, metaboUte, metaboUc precursor or prodrug thereof: 




\. . (I) 



wherein t is 1, or 2; 

A and B are each H. or taken together form a bond between tiie substituted 
carbons; 

is H, alkyl, or is selected from the group consisting of an optionaUy 
substituted aiyl, an optionaUy substituted heteroaiyl. an optionally substituted 
heterocydyl and an optionaUy substituted caibocycloalkyl; 

is (CHX (CH2)„0, HC=CH. ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 
or 2, witii tiie proviso tiiat if is (CH^, and q=0, then R» cannot be H; 

XMs C=0, C=S, or SOj; with the proviso that if is {CH^^^O, then 
is not SO2; 

R' is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substitiited heterocycle, an optionally substituted 
heterocydyl. an optionally substituted carbocycloalkyl. or an alkylene- (substituted 
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amino); 

Zis H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
aIkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(hetero^yclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR", SR" 
or NR"R'«; where R" is selected from the group consisting of H, (CH^^-R\ or 
C(0)-(CH2),-R»; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R« is CH2N(R»)2, 
CH2N(R')3L, or CO^R'; each R' is independently selected from H, or alkyl; L is a 
counter ion; R*^ is H, or alkyl; and R« is H, alkyl or CO^R'" and R'° is H, or 
aH^l; 

R2 is selected from the group consisting of H, alkyl, an optionally 
substituted aryl, an optionally substituted aralkyl, an optionaUy substituted 
heteroaiyl, an optionally substituted heterocyclyl, an optionally substituted 
heteroaralkyl, an optionally substituted carbocycloalkyl, R*-0-, and R'll'-N- ; 
where R« and R" are independently selected from the group consisting of alkyl, an 
optionaUy substituted aryl, an optionaUy substituted araUcyl, an optionaUy 
substituted heteroaryl. an optionaUy substituted heterocyclyl, an optionaUy 
substituted heteroaraUcyl, and an optionaUy substituted carbocycloaUcyl; R« is 
selected from the group consisting of H, aUcyl, an optionally substituted aryl, an 
optionaUy substituted araUcyl, an optionaUy substituted heteroaryl, an optionaUy 
substituted heterocyclyl, an optionaUy substituted heteroaraUcyl, and an optionaUy 
substituted carbocycloaUcyl; or R" and R» along with the nitrogen to which they are 
attached form a heterocyclyl; 

is (CHj)^, CHR"(CH2)„ HC=CH, or ethynyl; where R'^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionaUy 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionaUy 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X» is C=0, C=S, SOjor (CHj).; where n is 0, 1, or 2; 

R" is H, alkyl, an optionally substituted aryl, an optionaUy substituted 
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aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionaUy substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) that if is (CH^^, p is 0 and is not (CHj),, then 
R2 is not H, (ii) that if is R--0 and is (CK^^ with p=0, then is not SO^ 
and (iii) if Z is not H, OR'*, SR'^or NR'^R^S then X' must be SO2. 

22. The method of claim 21 wherein the potassium channel is a voltage gated 
potassium channel. 

23. The method of claim 22 wherem the potassium channel is selected from a 
potassium channel responsible for cardiac 1^ potassium current. 

24. The method of claim 22 wherein the potassium channel is Kvl.5. 

25 . A method for inhibiting potassium transport across cellular membranes 
possessmg potassium channels comprising exposmg a cell membrane possessing said 
channels to the presence of a compound of formula (I) or a pharmaceutically 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline or 
amorphous form, metabolite, metabolic precursor or prodmg: 




wherein t is 1, or 2; 

A and B are each H; 

R^ is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

Y^ is (CHj),, HC=CH, or ethynyl and q is 0, 1, or 2, with the proviso that when 
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is (CHj), and q=0, then R* cannot be H; 
X? is SO2; 

R' is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an opdonaUy substituted caibocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, allcylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), aIkylene-NHC(0)(aryl), alkylene-NHC(O) (heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR", SR" 
or NR"R»«; where R" is selected from the group consisting of H, (CR^„-R\ or 
C(0)-(CHA-R*; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CHjNCR')^, 
CHjNCR'^aL, or COjR'; each R« is indq)endently selected from H, or alkyl; L is a 
counter ion; R« is H, or alkyl; and R" is H, alkyl or CO^R" and R*** is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionaUy substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionaUy substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R«-0-, and R'R'-N- ; where R' and R** are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionaUy substituted araUcyl, an optionaUy substituted heteroaryl, an 
optionaUy substituted heterocyclyl, an optionaUy substituted heteroaralkyl, and an 
optionally substituted caibocycloaUcyl; R' is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionaUy substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or R" and R'' along with the nitrogen to which they are attached form a 
heterocyclyl; 
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Y» is (CHj),, CHR"(CH2)„. HC=CH, or ethynyl; where R" is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionaUy 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X' is C=0, C=S, or (CH2)„; where n is 0, 1, or 2; 

R* is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionaUy substituted heterocycle, an optionaUy substituted 
heterocyclyl, an optionaUy substituted carbocycloaUcyl, or an aU£ylene-(substituted 
amino); and 

with the provisos (i) that when Y' is (CH^)^, p is 0 and X» is not (CH^^, then 
R' is not H, and (ii) that if R^ is R'-O and Y» is (CHj)^ with p=0, then X* is not 
SO2. 

26. The method of claim 25 wherein the potassium channel is a voltage gated 
potassium channel. 

27. The method of claim 26 wherein the potassium channel is selected from a 
potassium channel responsible for cardiac Ik„ potassium current. 

28. The method of claim 26 wherein the potassium channel is Kvl . 5 

29. A method for inhibiting potassium transport across cellular membranes 
possessing potassium channels comprising exposing a ceU membrane possessmg said 
channels to the presence of a compound of formula (1) or a phannaceutically 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, ciystalline or 
amorphous form, metabolite, metabolic precursor or prodrug: 




-53- 



wo 99/37607 



PCT/US99/01663 



wherein t is 1, or 2; 

A and B are each H; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aiyl, an optionaUy substituted heteroaryl, an optionaUy substituted 
heteroQTclyl and an optionally substituted carbocycloallqrl; 

is (CHj), and q is 0, 1, or 2, with the proviso that when q=0, then R^ cannot 

beH; 

is SOj; 

R' is H, alkyl, an optionaUy substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionaUy substituted heterocycle, an optionaUy substituted 
heterocyclyl, an optionaUy substituted carbocycloaUcyl, or an aU£ylene-(substituted 
amino); 

Z is H, aUcyl, aUcyenyl, alkylene(heterocyclyl), aUcylene(heteroaryl), 
aUcylene-NHC(0)(aUcyl), aU£ylene-NHC(0)(aryl), aUcylene-NHC(0)(heterocyclyl), 
aUcylene-NHC(0)(heteroaryl), aU£ylene-NHC(0)-(aU£ylene-heterocyclyl), aUcylene- 
NHC(0)-(heteroaraUcyl), aUcylene-C(0)(aUcyl), aU£ylene-C(0)0(aU£yl), OR", SR" 
or NR"R"; where R" is selected fh)m tiie group consisting of H, (CH^^-R\ or 
C(0)-(CH2),-R»; m is 1, 2, 3. or 4; r is 0, 1, 2, or 3; R" is CH2N(R»)2, 
CHaNCR^L, or CO2R'; each R* is independentiy selected from H, or aUcyl; L is a 
counter ion; R" is H, or aUcyl; and R" is H, aUcyl or CO^R*" and R*° is H, or 
alkyl; 

R' is selected from the group consisting of H, alkyl, an optionaUy substituted 
aryl, an optionaUy substituted araUcyl, an optionaUy substituted heteroaryl, an 
optionaUy substituted heterocyclyl, an optionally substituted heteroaraUcyl, an 
optionaUy substituted carbocycloaUcyl, R*-0-, and R'-R^-N- ; where R' and R" are 
independentiy selected from tiie group consisting of alkyl, an optionaUy substituted 
aryl, an optionally substittited araUcyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substitiited heteroaraUcyl, and an 
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optionaUy substituted carixxjycloalkyl; R« is selected from the group consisting of 
H, alkyl, an optionaUy substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substitiited heterocyclyl, an 
optionaUy substituted heteroaraUcyl, and an optionaUy substituted carbocycloaUcyl; 
or R*" and R' along witii tiie nitrogen to which they are attached form a 
heterocyclyl; 

is (CHj)^, CHR"(CH2)„, HC=CH, or etfiynyl; where R" is aUiyl or is 
selected from the group consisting of an optionaUy substituted aryl, an optionaUy 
substituted heteroaryl, an optionaUy substituted heterocyclyl and an optionaUy 
substituted carbocycloaUcyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 
X' is C=0, or (CH2)„; where n is 0, 1, or 2; 

R* is H, alkyl, an optionaUy substituted aiyl, an optionally substituted araUtyl, 
an optionaUy substituted heteroaryl, an optionally substitiited heteroaralkyl; an 
optionally substitiited heterocycle, an optionaUy substitiited heterocyclyl, an 
optionaUy substitiited carbocycloaUcyl, or an aUcylene-(substitiited amino); and 

with the proviso tiiat when Y' is (CHj)^ and p is 0, tiien R' is not H. 

30. The metiiod of claim 29 wherein the potassium channel is a voltage gated 
potassium channel. 

31. The method of claim 30 wherein the potassium channel is selected from a 
potassium channel responsible for cardiac Ik„, potassium current. 

32. The method of claim 30 wherein the potassium channel is Kvl.5. 

33 . A method for inhibiting potassium transport across cellular membranes 
possessing potassium channels comprising exposing a ceU membrane possessing said 
channels to the presence of a compound of formula (I) or a pharmaceuticaUy 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystaUine or 
amorphous form, metabolite, metabolic precursor or prodrug thereof: 
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wherein t is 1; 

A and B are each H; 

R* is all^l, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloaUqrl; 

Y2is(CH2),andqisO; 
is SO2; 

is H, alkyl, an optionally substituted aryl, an optionally substituted 
acalkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted hetCTocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloallgrl, or an allgrlene-(substituted 
amino); 

Z is H, allq^l, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR", SR" 
or NR"R"; where R" is selected from the group consisting of H, iCH^„-R\ or 
C(0)-(CH2),-R«; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R» is CHjNCRV 
CH2N(R')3L, or CO2R'; each R' is independently selected from H, or alkyl; L is a 
counter ion; R" is H, or alkyl; and R" is H, alkyl or CO2R" and R^° is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
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optionaUy substituted heterocyclyl, an optionaUy substituted heteroaralkyl, an 
optionaUy substituted caibocycloalkyl, R'-O-, and R«ll'-N- ; where R* and R" are 
independentty selected from the group consisting of alkyl, an optionaUy substituted 
aryl, an optionaUy substituted araUcyl, an optionaUy substituted heteroaryl, an 
optionaUy substiUited heterocyclyl, an optionaUy substituted heteroaraUcyl, and an 
optionaUy substituted carbocycloaUcyl; R» is selected from the group consisting of 
H, alkyl, an optionaUy substituted aryl, an optionaUy substituted aralkyl, an 
optionaUy substituted heteroaryl, an optionaUy substituted heterocyclyl, an 
optionaUy substituted heteroaraUcyl, and an optionaUy substittited carbocycloaUcyl; 
or R" and R« along with the nitrogen to which they are attached form a 
heteroqrclyl; 

is (CH2)p, CHR"(CH2)„, HC=CH, or ethynyl; where R" is aUcyl or is 
selected from tiie group consisting of an optionaUy substituted aryl, an optionaUy 
substituted heteroaryl, an optionaUy substituted heterocyclyl and an optionaUy 
substituted carbocycloaUcyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X* is C=0, or (CHj).; where n is 0, 1, or 2; 

is H, aUcyl, an optionally substituted aryl, an optionaUy substituted aralkyl, 
an optionaUy substituted heteroaryl, an optionally substituted heteroaralkyl; an 
optionaUy substituted heterocycle, an optionaUy substitiited heterocyclyl, an 
optionaUy substituted carbocycloalkyl, or an aU£ylene-(substituted amino); and 

witii tiie proviso tiiat when Y' is (CHa), and p is 0, then is not H. 

34. The method of claim 33 wherein the potassium channel is a voltage gated 
potassium channel. 

35. The method of claim 34 wherein the potassium channel is selected from a 
potassium channel responsible for cardiac Ik„ potassium current. 

36. The method of claim 34 wherein the potassium channel is Kvl. 5 . 

37. A method for treating cardiac arrhythmias which comprises administering to a 
patient in need thereof, a pharmaceutically effective amount of a compound of 
formula (I) or a pharmaceutically acceptable salt, ester, amide, complex, chelate. 
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hydrate, stereoisomer, crystalline or amorphous form, metabolite, metabolic 
precursor or prodrug thereof: 




wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

R* is H, alkyl, or is selected from the group consisting of an optionaUy 
substituted aiyl, an optionally substituted heteroaiyl, an optionaUy substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

is (CH2),. (CH2)„0, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, or 
2, with the proviso that if is (CH2), and q=0, then R» cannot be H; 

is C=0, C=S, or SOj; with the proviso that if is (CK^^O, then is 

not SO2; 

R' is H, alkyl, an optionaUy substituted aryl, an optionaUy substituted 
aralkyl, an optionaUy substituted heteroaryl, an optionaUy substituted 
heteroaraUcyl; an optionaUy substituted heterocycle, an optionaUy substituted 
heterocyclyl, an optionaUy substituted caibocycloaUcyl, or an aUcylene-Csubstituted 
amino); 

ZisH, aUcyl, alkyenyl, aUcylene(heterocyclyl), alkylene(heteioaryl), 
aUcylene-NHC(0)(aUcyl), aUcylene-NHC(0)(aryl), aUcylene-NHC(0)(heterocyclyl), 
aUcylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(aUcylene-heterocyciyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(aUcyl). alkylene-C(0)0(alkyl), OR", SR" 
or NR«R"; where R" is selected from the group consisting of H, (CH2)„-R«, or 
C(0)-(CH2),-R«; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R« is CH^NCR^, 
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CH2N(R*)3L, or CO^R'; each R' is independentty selected from H, or alkyl; L is a 
counter ion; R" is H, or alkyl; and R" is H, alkyl or CO^R" and R" is H, or 
allgrl; 

R' is selected from the group consisting of H, alkyl, an optionaUy substituted 
aryl, an optionally substittited aralkyl, an optionaUy substituted heteroaryl, an 
optionaUy substituted heterocyclyl, an optionaUy substituted heteroaraUcyl, an 
optionaUy substituted carbocycloaUgrl, R'-O-, and R'^'-N- ; where R' and R" are 
independently selected from the group consisting of alkyl, an optionaUy substitiited 
aryl, an optionaUy substituted araUcyl, an optionaUy substituted heteioaryl, an 
optionaUy substituted heterocyclyl, an optionaUy substituted heteroaraUcyl, and an 
optionaUy substituted carbocycloaUcyl; R« is selected from the group consisting of 
H, aUcyl, an optionaUy substituted aryl, an optionaUy substitiited araUcyl, an 
optionaUy substitiited heteroaryl, an optionaUy substitiited heterocyclyl, an 
optionaUy substitiited heteroaraUcyl, and an optionaUy substittited carbocycloaUcyl; 
or R" and R' along witii tfie nitix)gen to which they are attached form a 
heterocyclyl; 

Y» is (CHj)p, CHR"(CH2)„ HC=CH, or efliynyl; where R" is aUcyl or is 
selected from the group consisting of an optionaUy substitiited aryl, an optionaUy 
substittited heteroaryl, an optionaUy substitiited heterocyclyl and an optionaUy 
substittited caibocycloaUcyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X» is C=0, C=S, SOjOr (CHj)„; where n is 0, 1, or 2; 

is H, aUcyl, an optionaUy substittited aryl, an optionaUy substittited 
araUcyl, an optionaUy substittited heteroaryl, an optionaUy substittited 
heteroaraUcyl; an optionaUy substittited heterocycle, an optionaUy substittited 
heterocyclyl, an optionaUy substittited carbocycloaUcyl. or an aUcylene-(substitiited 
amino); and 

witii tiie provisos (i) that if Y' is (CH^)^, p is 0 and X' is not (CH^„, Uien R^ 
is not H, (ii) ti^at if R^ is R--0 and Y' is (CH^^ witii p=0, Uien is not^SO, and 
(iii) if Z is not H, OR", SR"or NR>^R«, tiien must be SO^. 
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38. A method for treating cardiac arrhythmias which comprises administering to a 
patient in need thereof a pharmaceuticaUy eflfective amount of a compound of 
formual (II) or a pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, 
hydrate, stereoisomer, crystallme or amorphous form, metaboUte, metaboUc 
preoirsor or prodrug thereof: 



\ 




0) 



whorein t is 1, or 2; 

A and Bare each H; 

IS H, alkyl, or is selected from the group consisting of an optionaUy 
substituted atyl, an optionaUy substituted heteroaryl, an optionaUy substituted 
heterocyclyl and an optionaUy substituted carbocydoaUcyl; 

is (CHa),, HC=CH, or ethynyl and q is 0, 1, or 2, with the proviso that when 
is (CHj), and q=0, then cannot be H; 
X^isSOj; 

is H, alkyl, an optionally substituted aryl, an optionaUy substituted 
aralkyl, an optionaUy substituted heteroaryl, an optionaUy substituted 
heteroaraUcyl; an optionaUy substituted heterocycle, an optionaUy substituted 
heterocyclyl, an optionaUy substituted carbocycloaUcyl, or an aUcylene-(substituted 
amino); 

Z is H, aUcyl, alkyenyl, alkylene(heteiocyclyl), aUcylene(heteroaryl), 
aUcylene-NHC(0)(aUcyl), aU£ylene-NHC(0)(aryl), aUcylene-NHC(0)(heterocyclyl), 
aUcylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(aUcylene-heterocyclyl), aUcylene- 
NHC(0)-(heteroaraU£yl), aUcylene-C(O) (alkyl), alkylene-C(0)0(aUcyl), OR'\ SR" 
or NR"R"; where R" is selected from the group consisting of H, (CH2)„-R*, or 
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C(0)-(CHj),-R^ m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R" is CH2N(R»)2. 
CHjNCR^L, or CO^R'; each R' is independentiy selected ftom H, or alkyl; L is a 
counter ion; R" is H, or alkyl; and R" is H, alkyl or CO^R*" and R>° is H, or 
alkyl; 

R' is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaiyl, an 
optionally substituted heterocyclyl. an optionaUy substituted heteroaialkyl.' an 
optionally substihited caibocycloalkyl, R«-0-, and R^R'-N- ; wh^ R' and R" are 
independently selected ftom the group consisting of alkyl, an optionally substituted 
aryl, an optionaUy substituted aralkyl, an optionally substituted heteroaryl, an 
optionaUy substituted heterocyclyl, an optionaUy substituted heteroaraUcyl,' and an 
optionaUy substituted carbocycloaUcyl; R' is selected from tiie group consisting of 
H, aUcyl, an optionaUy substituted aryl, an optionaUy substituted araUcyl, an 
optionally substituted heteroaryl, an optionaUy substituted heterocyclyl, In 
optionaUy substituted heteroaraUcyl, and an optionaUy substituted caibocycloaUcyl; 
or R" and R' along witfi the nitix)gen to which they are attached form a 
heterocyclyl; 

Y» is (CH^^, CHR"(CH^„, HC=CH, or ethynyl; where R" is alkyl or is 
selected from the group consisting of an optionaUy substituted aryl, an optionaUy 
substituted heteroaryl, an optionaUy substituted heterocyclyl and an optionaUy 
substihited caibocycloaUcyl; p is 0, 1, 2 or 3; and o is 0. 1 or 2; 

X» is C=0, C=S, or (CHj),; where n is 0, 1. or 2; 

R* is H, aUcyl, an optionaUy substituted aryl, an optionaUy substituted 
araUcyl, an optionaUy substituted heteroaryl, an optionaUy substituted 
heteroaiaUcyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionaUy substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) tiiat when Y« is (CH,),, p is 0 and X' is not (CH^„, tfien 
is not H, and (ii) tiiat if R^ is R--0 and Y» is (CK^^ witi, p=0, then X> is not 
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SOj. 

39. A method for treating cardiac arrhythmias which comprises administering to 
patient in need thereof a pharmaceutically eflfective amount of a compound of 
formual (m) or a pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, 
hydrate, stereoisomer, crystalline or amorphous form, metaboUte, metabolic 
precursor or prodrug thereof: 



\ 



X 




0) 



wherdn t is 1, or 2; 

A and B are each H; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted atyl, an optionally substituted heteroaiyl, an optionally substituted 
heta-o(^clyl and an optionally substituted carboc^doalkyl; 

Y* is (CHa), and q is 0, 1, or 2, with the proviso that when q=0, then cannot 

beH 

X^isSOz; 

R' is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionaUy substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocyde, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heten)aryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkyiene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR•^ SR" 
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or NR'^R'*; where R" is selected from the group consisting of H, (CH^„-R*, or 
C(0)-(CH2),-R»; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R» is CH^NCR^, 
CHjNCR^L, or COjR'; eacli R' is independently selected from H, or alkyl; L is a 
counter ion; R« is H, or alkyl; and R»« is H, alkyl or COjR*" and R" is H, or 
all^l; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionaUy substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R'-O-, and R^R'-N- ; wh^e R* and R" are 
ind^dentiy selected from the group consisting of alkyl, an optionally substituted 
aryl, an qptionaUy substituted aralkyl, an optionaUy substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloalkyl; R' is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionaUy substituted heteroaryl, an optionaUy substituted heterocyclyl, an 
optionaUy substituted heteroaraUcyl, and an optionaUy substituted carbocycloaUcyl; 
or R" and along with the nitrogen to which they are attached form a 
heterocyclyl; 

Y» is (CHj),, CHR"(CH2)„ HC=CH, or cthynyl; where R" is aUcyl or is 
selected from the group consisting of an optionaUy substituted aryl, an optionaUy 
substituted heteroaryl, an optionaUy substituted heterocyclyl and an optionaUy 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X» is C=0, or (CHj).; where n is 0, 1, or 2; 

R* is H, alkyl, an optionaUy substituted aiyl, an optionally substituted aralkyl, 
an optionally substituted heteroaryl, an optionaUy substituted heteroandkyl; an 
optionally substituted heterocycle, an optionally substituted heterocyclyl, an 
optionally substituted carbocycloalkyl, or an aUcylene-(substituted amino); and 

with the proviso that when Y» is (CHj)^ and p is 0, then R^ is not H. 
40. A method for treating cardiac arrhythmias which comprises administering to a 
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patient in need thereof, a phannaceutically eflfective amount of a compound of 
formula (IV) or a pharmaceuticaUy acceptable salt, ester, amide, complex, chelate, 
hydrate, stereoisomer, crystallme or amorphous form, metabolite, metabolic 
precursor or prodrug thereof: 




wherdn t is 1; 

A and Bare each H; 

is allqrl, or is selected from the group consisting of an optionally 
substituted aryl, an optionaUy substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 
Y^is(CH2),andqisO; 
is SO2; 

is H, alkyl, an optionally substituted aryl, an optionally substituted 
aialkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionaUy substituted heterocycle, an optionaUy substituted 
heterocyclyl, an optionaUy substituted caibocycloaUcyl, or an aU£ylene-(substituted 
amino); 

Z is H, aUcyl, aUcyenyl, aU£ylene(heterocyclyl), aU£ylene(hete«)aryl), 
aUqrlene-NHC(0)(aUcyl), aU£ylene-NHC(0)(aryl), aUcylene-NHC(0)(heterocyclyl), 
aU£ylene-NHC(0)(heteroaryl), aUcylene-NHC(0)-(aU£ylene-heterocyclyl), aUcylene- 
NHC(0)-(heteroaralkyl), aUcylene-C(0)(aUcyl), alkylene-C(0)0(alkyl), OR'\ SR" 
or NR"R"; where R" is selected from the group consisting of H, (CH2)„-R*, or 
C(0)-(CH2),-R«; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R» is CH^NCR^, 
CH2N(R')3L, or CO2R'; each R' is independenUy selected from H, or alkyl; L is a 
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counter ion; R" is H, or alkyl; and R" is H, alkyl or CO2R" and R" is H, or 
alkyl; 

R2 is selected from the group consisting of H, alkyl, an optionally substituted 
aiyl, an optionally substituted aialkyl, an optionaUy substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionaUy substituted heteroaralkyl, an 
optionaUy substituted carbocycloaUcyl, R'-O-, and R'-R'-N- ; where R* and R" are 
independently selected from the group consisting of aUcyl, an optionaUy substituted 
aryl, an optionaUy substituted araUgri, an optionaUy substituted heteroaryl, an 
optionaUy substituted heterocyclyl, an optionaUy substituted heteroaiaUcyl, and an 
optionaUy substituted carbocycloaUcyl; R" is selected from the group consisting of 
H, aUcyl, an optionaUy substituted aryl, an optionaUy substituted araUcyl, an 
optionaUy substituted heteroaryl, an optionaUy substituted heterocyclyl, an 
optionaUy substituted heteroaraUcyl, and an optionaUy substituted carbocycloaUcyl; 
or R' and R" along with the nitrogen to which they are attached form a 
heterocyclyl; 

Y» is (CH2)p, CHR"(CH2)„ HC=CH, or ethynyl; where R" is aUgrl or is 
selected from the group consisting of an optionaUy substituted aryl, an optionaUy 
substituted heteroaryl, an optionaUy substituted heterocyclyl and an optionaUy 
substituted carbocycloaUcyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

X' is C=0, or (CH2)„; where n is 0, 1, or 2; 

R* is H, aUcyl, an optionally substituted aryl, an optionaUy substituted aralkyi, 
an optionally substituted heteroaryl, an optionally substituted heteroaraUcyl; an 
optionally substituted heterocycle, an optionaUy substituted heterocyclyl, an 
optionally substituted carbocycloaUcyl, or an alkylene-(substitutBd amino); and 

with the proviso that when Y' is (CH^)^ and p is 0, then R^ is not H. 
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AMENDED CLAIMS 

[received by the International Bureau on 7 July 1999 (07.07.99); 
original claims 1-40 replaced by new claims 1-41(31 pages)] 

1. A compound of formula (I) or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof: 




wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyi and an optionally substituted carbocycloalkyl with the proviso that 
when is an optionally substituted aryl^ then R^ is not a dialkoxyphenyl; 

is (CH^),, (CH2)wO, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 
or 2, with the proviso that if is (CHj), and q-0, then R^ cannot be H; 

is C=0, C=S, or SO^; with the proviso tiiat if is (CHj)^©, then 

is not SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
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heteroaralkyl; an optionally substituted heterocyclyl, an optionally substituted 
carbocycloalkyl, or an alkylene-(substituted amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(O) (heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(O) (alkyl), alkylene-C(0)0(alkyl), OR'\ SR'^ 
or NR^^R^^; where R^^ is selected from the group consisting of H, (CR^^-R^, or 
C(0)-(CH2)rR*; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is Cll2N(R\, 
CH2N(R^3L, or COjR^; each R^ is independentty selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R^^ is H, alkyl or C02R^^ and R^° is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally 
substituted aryl, an optionally substituted aralkyl, an optionally substituted 
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted 
heteroaralkyl, an optionally substituted carbocycloalkyl, R'-O-, and R^'R^'-N- ; 
where R' and R^ are independentty selected from the group consisting of alkyl, an 
optionally substituted aryl, an optionally substituted aralkyl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally 
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; R"" is 
selected from the group consisting of H, alkyl, an optionally substituted aryl, an 
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally 
substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionally 
substituted carbocycloalkyl; or R^ and R*" along with the nitrogen to which they are 
attached form a heterocyclyl; 

is (CH2)p, CHR^^(CH2)o, HC=CH, or ethynyl; where R^^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
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substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

is C=0, C=S, SOjOr (CHj)^; where n is 0, 1, or 2; 

is H, alkyi, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) that if is (CR^^y p is 0 and is not (CHj)^, then 
R2 is not H, (ii) that if is R*-0 and is (CK^^ with p=0, then X^ is not SOj, 
(iii) if Z is not H, OR'^ SR^^or NR*^R^^ then X^ must be SO^ and (iv) if t=l, A, 
B and Z are each H, X^ is C=0, or C=S, Y^ is NH, R^ is H or alkyl, R^ is H or 
alkyl, X^ is C=0, or C=S, R^ is H, and Y^ is (CH2)p with p=0 then R^ cannot be 
alkyl, or R**R^-N. 

2. The compound of claim 1 wherein A and B are each H and the formula (I) 
has a stereochemical configuration of substituents in accordance with the following 
fomiula (la): 




(la) 



3. A compound of foraiula (II) or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous fomi, 
metabolite, metabolic precursor or prodrug thereof: 
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wherein t is 1, or 2; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl with the proviso that 
when is an optionally substituted aryl, then R^ is not a dialkoxyphenyl; 

is (CHj),, (CH2)^0, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 
or 2, with the proviso that if is (CHj), and q=0, then cannot be H; 

is C=0, C=S, or SOj; with the proviso that if is (CH:^^0 then 

is not SO2; 

R^ is H, alkyl, an optionally substituted aryl, or an optionally substituted 
heteroaryl; 

Z is H, OR^\ SR'^ or NR^^R"; where R" is selected from the group 
consisting of H, (CH^^^-R^ or C(0)-(CH2),-R*; m is 1, 2, 3, or 4; r is 0, 1, 2, or 
3; R'^ is CH2N(R^)2, CH2N(R^3L, or C02R^ each R^ is independently selected 
from H, or alkyl; L is a counter ion; R^^ is H, or alkyl; and R*^ is H, alkyl or 
C02R^^ and R*^ is H, or alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, R*-0-, and R^'R^-N- ; 
where R* and R** are independently selected from the group consisting of alkyl, an 
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Optionally substituted aryl, an optionally substituted heteroaryl, an optionally 
substituted heterocyclyl and an optionally substituted carbocycloalkyl; R*" is 
selected from the group consisting of H, alkyl, an optionally substituted aryl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl and an 
optionally substituted carbocycloalkyl; 

is (CH2)p, CHR^^(CH2)o, HC=CH, or ethynyl; where R^^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1,2, or 3; and o is 0, 1, or 2 

X* is C=0, C=S, SOjOr (^2)^; where n is 0, 1, or 2; 

R* is H, alkyl, an optionally substituted aryl, or an optionally substituted 
heteroaryl; and 

with the provisos (i) that if is (CR^^, p is 0 and is not (CH^)^, then 
R^ is not H, (ii) that if R^ is R*-0- and Y' is {CK^^ with p=0, then X' is not SO^ 
and (iii) if t=l, Z is H, X^ is C=0, or C=S, Y^ is NH, R^ is H or alkyl, R^ is H 
or alkyl, X^ is C=0, or C=S, R^ is H, and Y^ is (CH2)p with p=0 then R^ cannot 
bealkyl, orR^*^-N. 

4. A compound of formula (I) or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof: 
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wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl with the proviso that 
when is an optionally substituted aryl, then R^ is not a dialkoxyphenyl; 

is (CH2),, (CH2)wO, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 
or 2, with the proviso that if is (CH2)q and q=0, then R^ cannot be H; 

is C=0, C=S, or SO2; with the proviso that if is (CBi^^^O, then 

is not SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocyclyl, an optionally substituted 
carbocycloalkyl, or an allqrlene-(substituted amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(O) (alkyl), alkylene-C(0)0(alkyl), OR'^ SR^^ 
or NR^^R^^ where R^^ is selected from the group consisting of H, (CH2)m-R^ or 
C(0)-(CH2)r-R^ m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R^ is CH2N(R^2. 
CH2N(R^3L, or COiR^; each R^ is independently selected from H, or alkyl; L is a 
counter ion; R*^ is H, or alkyl; and R** is H, alkyl or C02R^^ and R*^ is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally 
substituted aryl, an optionally substituted aralkyl, an optionally substituted 
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heteroaryl, an optionally substituted heterocyclyl, an optionally substituted 
heteroaralkyl, an optionally substituted carbocycloalkyi, R'-O-, and R^'R^'-N- ; 
where R* and R^ are independently selected from the group consisting of alkyl, an 
optionally substituted aryl, an optionally substituted aralkyl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally 
substituted heteroarallqrl, and an optionally substituted carbocycloalkyi; R"" is 
selected from the group consisting of H, alkyl, an optionally substituted aryl, an 
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally 
substituted heterocyclyl, an optionally substituted heteroaralkyl, and an optionally 
substituted carbocycloalkyi; or R** and along with the nitrogen to which they are 
attached form a heterocyclyl; 

is (CH2)p, CHR^^(CH2)o, HC=CH, or ethynyl; where R^^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyi; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

is C=0, C=S, SO2 , or (CK^^; where n is 0, 1, or 2; 
R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyi, or an alkylene-(substituted 
amino); and 

with the provisos (i) that if is (CH^^y p is 0 and is not (CHj)^, then 
r2 is not H, (ii) that if R^ is R*-0 and Y^ is (CH2)p with p=0, then X^ is not SO2, 
(iu) if Z is not H, OR^^ SR" or NR*^R^^ then X^ must be SO2 and (iv) if t = 1, A, 
B and Z are each H, X^ is C=0, or C=S, Y^ is NH, R^ is H or alkyl, R^ is H or 
alkyl, X^ is C=0, or C=S, R^ is H, and Y^ is (CH2)p with p=0 then R^ cannot be 
alkyl, or R^R"-N. 
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5. The cxunpound of claim 4 wherein A and B are each H and the formula (I) 
has a stereochemical configuration of substituents in accordance with the following 
formula (la): 




Oa) 



6. The compound of claim 1 or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof, wherein 

A and B are each H; 

is (CH2),, HC=CH, or ethynyl and q is 0, 1 or 2; 
is SO2; 

is selected from the group of an optionally substituted aryl and an 
optionally substituted heteroaryl; 

is C=0, C=S, or (CU^^; wherein n is 0, 1, or 2; and Z is H or OR^"^. 

7. The compound of claim 1 or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof, wherein 

A and B are each H; 

is (CH2)q and q is 0, 1, or 2; 
X^ is SO2; 

R^ is H or an optionally substituted aryl selected from the group of phenyl 
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and naphthyl; 

is C=0, or (CHj)^; where n is 0, 1, or 2; and 
is (CH2)p, CH=CH, or ethynyl where p is 0, 1, 2 or 3. 

8. The compound of claim 4 or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof, wherein 

tis 1; 

A and B are each H; 
YMs(CH2),andqis 0; 
is SO2; 

is an optionally substituted aryl selected from the group of phenyl and 

naphthyl; 

X^ is C=0, or (CHj)^; where n is 0, 1, or 2; and 
Z is H, or OH; and 

is CH=CH, ethynyl or (CR^^, where p is 0, 1, 2 or 3. 

9. The compound of claim 8 or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof, wherein is H. 

10. The compound of claim 9 wherein R^ is an optionally substituted phenyl. 

11. A pharmaceutical composition comprising a compound of claim 1 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 

12. A pharmaceutical composition comprising a compound of claim 2 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 
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13. A pharmaceutical composition comprising a compound of claim 3 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 

14. A pharmaceutical composition comprising a compound of claim 4 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 

15. A pharmaceutical composition comprising a compound of claim S or a 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug thereof and a pharmaceutically acceptable diluent or carrier. 

16. A pharmaceutical composition comprising a compound of claim 6 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 

17. A pharmaceutical composition comprising a compound of claim 7 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 

18. A pharmaceutical composition comprising a compound of claim 8 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 

19. A pharmaceutical composition comprising a compound of claim 9 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
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prodrug and a pharmaceutically acceptable diluent or carrier. 

20. A pharmaceutical composition comprising a compound of claim 10 or its 
pharmaceutically acceptable salt, ester, amide, complex, chelate, hydrate, 
stereoisomer, crystalline or amorphous form, metabolite, metabolic precursor or 
prodrug and a pharmaceutically acceptable diluent or carrier. 

21. A method for inhibiting potassium transport across cellular membranes 
possessing potassium channels comprising exposing a cell membrane possessing 
said channels to the presence of a compound of formula (I) or a pharmaceutically 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline 
or amorphous form, metabolite, metabolic precursor or prodrug thereof: 



wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

is (CH^)^, (CH2)^0, HC=CH, ethynyl or NH, w is 0, 1, or 2 and q is 0, 1, 
or 2, with the proviso that if is (CHj)^ and q=0, then cannot be H; 

is C=0, C=S, or SO2; with the proviso that if Y^ is (CU^^O, then 

is not SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 





0) 
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aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(O) (heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyI), alkylene-C(0)0(alkyl), OR^^ SR'^ 
or NR^^R^^; where R^^ is selected from the group consisting of H, (CK^^-R\ or 
C(0)-(CH2),-R*^; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CH^NCR^, 
CHjNCR^aL, or COzR^ each R^ is independently selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R^* is H, alkyl or C02R^^ and R^° is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally 
substituted aryl, an optionally substituted aralkyl, an optionally substituted 
heteroaryl, an optionally substituted heterocyclyl, an optionally substituted 
heteroaralkyl, an optionally substituted carbocycloallqrl, R'-O-, and R^R^'-N- ; 
where R' and R** are independently selected from the group consisting of alkyl, an 
optionally substituted aryl, an optionally substituted aralkyl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl, an optionally 
substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; is 
selected from the group consisting of H, alkyl, an optionally substituted aryl, an 
optionally substituted aralkyl, an optionally substituted heteroaryl, an optionally 
substituted heterocyclyl, an optionally substituted heteroarallqrl, and an optionally 
substituted carbocycloalkyl; or and R*" along with the nitrogen to which they are 
attached form a heterocyclyl; 

is (CH2)p, CHR'^(CH2)o, HC=CH, or ethynyl; where R'^ is alkyl or is 
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selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

is C=0, C=S, SOjor (CHj)^; where n is 0, 1, or 2; 

is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) that if is (CH2)p, p is 0 and is not (CHj)^, then 
is not H, (ii) that if R^ is R*-0 and is (CH2)p with p=0, then X^ is not SO2 
and (iu) if Z is not H, OR^^ SR^^ or NR^^R^^ then X^ must be SO2. 

22. The method of claim 21 wherein the potassium channel is a voltage gated 
jKDtassium channel. 

23. The method of claim 22 wherein the potassium channel is selected from a 
potassium channel responsible for cardiac Iku, potassium current. 

24. The method of claim 22 wherein the potassium channel is Kvl.5. 

25. A method for inhibiting potassium transport across cellular membranes 
possessing potassium channels comprising exposing a cell membrane possessing 
said channels to the presence of a compound of formula (I) or a pharmaceutically 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline 
or amorphous form, metabolite, metabolic precursor or prodrug: 
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wherein t is 1, or 2; 

A and B are each H; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloallgrl; 

is (CHj),, HC=CH, or ethynyl and q is 0, 1, or 2, with the proviso that when 
is (CH2)q and q=0, then cannot be H; 
is SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR^\ SR}^ 
or NR^^R*^; where R^^ is selected from the group consisting of H, (CH^^-R^, or 
C(0)-(CH2),-R'; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CHjNCR^, 
CH2N(R*)3L, or COjR^ each R^ is independently selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R*** is H, alkyl or C02R^° and R^° is H, or 
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alkyl; 

is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R*-0-, and R^R^'-N- ; where R* and R*" are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloalkyl; R*" is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or R^ and R"" along with the nitrogen to which they are attached form a 
heterocyclyl; 

is (CH2)p, CHR^^CCHj)^, HC=CH, or ethynyl; where R^^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 
is C=0, C=S, or (CHj)^; where n is 0, 1, or 2; 
R"* is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) that when is (CH2)p, p is 0 and X* is not (CH2)n, then 
R2 is not H, and (ii) that if R^ is R*-0 and Y^ is (CH2)p with p=0, then X* is not 
SO2. 
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26. The method of claim 25 wherein the potassium channel is a voltage gated 
potassium channel. 

27. The method of claim 26 wherein the potassium channel is selected from a 
potassium channel responsible for cardiac Ikuf potassium current. 

28. The method of claim 26 wherein the potassium channel is Kvl.5. 

29- A method for inhibiting potassium transport across cellular membranes 
possessing potassium channels comprising exposing a cell membrane possessing 
said channels to the presence of a compound of formula (I) or a pharmaceutically 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline 
or amorphous form, metabolite, metabolic precursor or prodrug: 




wherein t is 1, or 2; 

A and B are eachH; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

is (CHj), and q is 0, 1, or 2, with the proviso that when q=0, then cannot 

beH; 

is SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
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heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkyiene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyciyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR^^ SR'^ 
or NR^^R^^; where R^^ is selected from the group consisting of H, (CH^^-R^ or 
C(0)-(CH2)rR'; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CHjNCR^, 
CH2N(R^3L, or COjR^ each R^ is independently selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R^^ is H, alkyl or COjR^^ and R^° is H, or 
allQrl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R*-0-, and R^'R^-N- ; where R* and R^ are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloalkyl; R*" is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or R** and R*' along with the nitrogen to which they are attached form a 
heterocyclyl; 

is (CH2)p, CHR"(CH2)^, HC=CH, or ethynyl; where R^^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
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substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 
X* is C==0, or (CHj)^; where n is 0, 1, or 2; 

R"^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the proviso that when is (CH^^ and p is 0, then is not H. 

30. The method of claim 29 wherein the potassium channel is a voltage gated 
potassium channel. 

31. The method of claim 30 wherein the potassium channel is selected from a 
potassium channel responsible for cardiac l^^ potassium current. 

32. The method of claim 30 wherein the potassium channel is KvL5. 

33. A method for inhibiting potassium transport across cellular membranes 
I)ossessing potassium channels comprising exposing a cell membrane possessing 
said channels to the presence of a compound of formula (I) or a pharmaceutically 
acceptable salt, ester, amide, complex, chelate, hydrate, stereoisomer, crystalline 
or amorphous form, metabolite, metabolic precursor or prodrug thereof: 



wherein t is 1; 

A and B are each H; 

R* is alkyl, or is selected from the group consisting of an optionally 
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substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

is (CHj), and q is 0; 

is SO2; 

is H, alkyl, an optionally substituted aryl, an optionzdly substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
aniino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR^^ SR'^ 
or NR^^R^^; where R^"* is selected from the group consisting of H, (CH^^-R^, or 
C(0)-(CH2)rR'*; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CH^NCR^a, 
CI^NCR^aL, or COjR^; each R^ is independently selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R" is H, alkyl or COzR^" and R^° is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R*-0-, and R'^R^'-N- ; where R* and R^ are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloalkyl; R*' is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
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optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or and R*" along with the nitrogen to which they are attached form a 
heterocyclyl; 

is (CH2)p, CHR^^CCH^)^, HC-CH, or ethynyl; where R^^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

is C=0, or (CHj)^; where n is 0, 1, or 2; 

is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the proviso that when is (CH2)p and p is 0, then R^ is not H. 

34. The method of claim 33 wherein the potassium channel is a voltage gated 
potassium channel. 

35. The method of claim 34 wherein the potassium channel is selected from a 
potassium channel responsible for cardiac Ij^^ potassium current. 

36. The method of claim 34 wherein the potassium channel is Kvl.5. 

37. A method for treating cardiac arrhythmias which comprises administering to 
a patient in need thereof, a pharmaceutically effective amount of a compound of 
formula (I) or a pharmaceutically acceptable salt, ester, amide, complex, chelate, 
hydrate, stereoisomer, crystalline or amorphous form, metabolite, metabolic 
precursor or prodrug thereof: 
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B 



Z 



(I) 



wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

is (CH^),, (CH2)^0, HC=CH, ethynyi or NH, w is 0, 1, or 2 and q is 0, 1, or 
2, with the proviso that if is (CH^^ and q=0, then cannot be H; 

is C=0, C=S, or SO2; with the proviso that if is (CK^^O, then is 

not SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR^\ SR^^ 
or NR^^R^^; where R^^ is selected from the group consisting of H, (CH2)m-RS or 
C(0)-(CH2)rR^ m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CH2N(R^)2, 
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CHjNCR^aL, or COjR^; each is independenUy selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R^"* is H, alkyl or COzR*^ and R'^ is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R*-0-, and R^'R'^-N- ; where R* and R^ are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloallqrl; R*" is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or R^ and R*" along with the nitrogen to which they are attached form a 
heterocyclyl; 

is (CH2)p, CHR"(CH2)o, HC=CH, or ethynyl; where R'^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

is C=0, C=S, SOjOr (CH^^; where n is 0, 1, or 2; 
R"* is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) that if is (CH2)p, p is 0 and is not (CH2)^, then R^ 
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is not H, (ii) that if is R*-0 and is (CH2)p with p=0, then is not SO2 and 
(iii) if Z is not H, OR^^ SR**or NR^^R^^ then must be SOj. 
38- A method for treating cardiac arrhythmias which comprises administering to 
a patient in need thereof, a pharmaceutically effective amount of a compound of 
formual (II) or a pharmaceutically acceptable salt, ester, amide, complex, chelate, 
hydrate, stereoisomer, crystalline or amorphous form, metabolite, metabolic 
precursor or prodrug thereof: 




wherein t is 1, or 2; 

A and B are each H; 

R^ is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloaUcyl; 

is (CH2)q, HC=CH, or ethynyi and q is 0, 1, or 2, with the proviso that when 
Y^ is (CH2)q and q=0, then B} cannot be H; 

X^ is SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
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alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR'^ SR^^ 
or NR^^R^*; where R*'* is selected from the group consisting of H, (CR^^-R^, or 
C(OHCH2)rR^ m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R^ is CH2N(R^)2, 
CH2N(R^3L, or C02R^; each R^ is independently selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R^^ is H, alkyl or COaR^^ and R^^ is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R*-0-, and R^'R^'-N- ; where R' and R^ are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloalkyl; R"" is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or R^ and R^ along with the nitrogen to which they are attached form a 
heterocyclyl; 

is (CH2)p, CHR^^(CH2)o, HC=CH, or ethynyl; where R'^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

is C=0, C=S, or (CH^^; where n is 0, 1, or 2; 
R"* is H, alkyl, an optionally substituted aryl, an optionally substituted 
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aralkyi, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) that when is (CH2)p, p is 0 and is not (CHj)^, then 
is not H, and (ii) tiiat if is R'-O and is (CH2)p witii p-0, tiien X* is not 
SO2. 

39. A method for treating cardiac arrhythmias which comprises administering to 
a patient in need thereof, a pharmaceutically effective amount of a compound of 
formual (HI) or a pharmaceutically acceptable salt, ester, amide, complex, chelate, 
hydrate, stereoisomer, crystalline or amorphous form, metabolite, metabolic 
precursor or prodrug thereof: 



wherein t is 1, or 2; 

A and B are each H; 

R^ is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 

Y^ is (CH2)q and q is 0, 1, or 2, with the pro\iso that when q=0, then R^ cannot 



bcH; 

X^ is SO2; 

R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
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aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyi; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), allcylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(O) (heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(0)(alkyl), alkylene-C(0)0(alkyl), OR'^ SR'^ 
or NR^^R^^; where R^^ is selected from the group consisting of H, (CH^^-R^, or 
C(0)-(CH2)rR^ m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R* is CH^NCR^, 
CH2N(R^3L, or COsR^; each R' is independently selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R^^ is H, alkyl or COiR^^ and R^^ is H, or 
alkyl; 

R^ is selected from the group consisting of H, allg^l, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyi, an 
optionally substituted carbocycloalkyl, R*-0-, and R^R^-N- ; where R* and are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyi, and an 
optionally substituted carbocycloalkyl; R*" is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyi, and an optionally substituted carbocycloalkyl; 
or R** and R^ along with the nitrogen to which they are attached form a 
heterocyclyl; 

is (CH2)p, CHR'\CH2)^, HC=CH, or ethynyl; where R^^ is alkyl or is 
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selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 
is C=0, or (CH2)„; where n is 0, 1, or 2; 
R"^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroarall^l; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the proviso that when is {CH^^ and p is 0, then is not H. 
40. A method for treating cardiac arrhythmias which comprises administering to 
a patient in need thereof, a pharmaceutically effective amount of a compound of 
formula (TV) or a pharmaceutically acceptable salt, ester, amide, complex, chelate, 
hydrate, stereoisomer, crystalline or amorphous form, metabolite, metabolic 
precursor or prodrug thereof: 




wherein t is 1; 

A and B are each H; 

R^ is alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
heterocyclyl and an optionally substituted carbocycloalkyl; 
is (CH2), and q is 0; 



-92- 

AMENDED SHEET (ARTICLE 19) 



wo 99/37607 



PCTAJS99/01663 



is SO2; 

is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylene(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl), alkylene-NHC(0)-(alkylene-heterocyclyl), alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(O) (alkyl), alkylene-C(0)0(alkyl), OR'^ SR^^ 
or NR^^R"; where R^"* is selected from the group consisting of H, (CH2)n,-R\ or 
C(0)-(CH2),-R^ m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R^ is CHjNCR^, 
CH2N(R^3L, or C02R^; each R^ is independently selected from H, or alkyl; L is a 
counter ion; R^^ is H, or alkyl; and R^^ is H, alkyl or C02R^^ and R^^ is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloalkyl, R*-0-, and R^R^'-N- ; where R* and R*' are 
independently selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloalkyl; R*" is selected from the group consisting of 
H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or R** and R^ along with the nitrogen to which they are attached form a 
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heterocyclyl; 

is (CH2)p, CHR^^(CH2)„, HC=CH, or ethynyl; where R^^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 

is C=0, or (CHj)^; where n is 0, 1, or 2; 
R"* is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the proviso that when is (CH^^ and p is 0, then R^ is not H. 

41. A compound of formula (I) or a pharmaceutically acceptable salt, ester, 
amide, complex, chelate, hydrate, stereoisomer, crystalline or amorphous form, 
metabolite, metabolic precursor or prodrug thereof: 



wherein t is 1, or 2; 

A and B are each H, or taken together form a bond between the substituted 
carbons; 

R^ is H, alkyl, or is selected from the group consisting of an optionally 
substituted aryl, an optionally substituted heteroaryl, an optionally substituted 
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heterocyclyl and an optionally substituted carbocycloalkyl with the proviso that 
when R* is an optionally substituted aryl, then R* is not a dialkoxyphenyl; 

is (CHj),, HC=CH, ethynyl or NEI, w is 0, 1, or 2 and q is 0, 1, or 2, with 
the proviso that if is (CHj), and q=0, then cannot be H; 

is SO2; 

R' is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralJgrl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); 

Z is H, alkyl, alkyenyl, alkylene(heterocyclyl), alkylaie(heteroaryl), 
alkylene-NHC(0)(alkyl), alkylene-NHC(0)(aryl), alkylene-NHC(0)(heterocyclyl), 
alkylene-NHC(0)(heteroaryl) , alkylene-NHC(0)-(alkylene-heterocyclyl) , alkylene- 
NHC(0)-(heteroaralkyl), alkylene-C(O) (alkyl), alkylene-C(0)0(alkyl), OR**, SR" 
or NR'^R"; where R" is selected from the group consisting of H, (CH2)„-R*, or 
C(0)-(CH2),-R'»; m is 1, 2, 3, or 4; r is 0, 1, 2, or 3; R» is CBjNCR'^a, 
CH2N(R')3L, or COjR'; each R' is independently selected from H, or alkyl; L is a 
counter ion; R" is H, or alkyl; and R" is H, alkyl or COjR*" and R*<* is H, or 
alkyl; 

R^ is selected from the group consisting of H, alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, an 
optionally substituted carbocycloaUcyrl, R*-0-, and R''R''-N- ; where R* and R"* are 
independentiy selected from the group consisting of alkyl, an optionally substituted 
aryl, an optionally substituted aralkyl, an optionally substituted heteroaryl, an 
optionally substituted heterocyclyl, an optionally substituted heteroaralkyl, and an 
optionally substituted carbocycloalkyl; R' is selected from the group consisting of 
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H, alkyl, an optionally substituted aryl, an optionally substituted aralkyl, an 
optionally substituted heteroaryl, an optionally substituted heterocyclyl, an 
optionally substituted heteroaralkyl, and an optionally substituted carbocycloalkyl; 
or R*' and R*" along with the nitrogen to which they are attached form a 
heterocyclyl; 

is (CH2)p, CHR'^(CH2)o, HC=CH, or etiiynyl; where R'^ is alkyl or is 
selected from the group consisting of an optionally substituted aryl, an optionally 
substituted heteroaryl, an optionally substituted heterocyclyl and an optionally 
substituted carbocycloalkyl; p is 0, 1, 2 or 3; and o is 0, 1 or 2; 
is C=0, C=S, S02or (CH:^^; where n is 0, 1, or 2; 
R^ is H, alkyl, an optionally substituted aryl, an optionally substituted 
aralkyl, an optionally substituted heteroaryl, an optionally substituted 
heteroaralkyl; an optionally substituted heterocycle, an optionally substituted 
heterocyclyl, an optionally substituted carbocycloalkyl, or an alkylene-(substituted 
amino); and 

with the provisos (i) tiiat if is (CR^^, p is 0 and is not (CHj)^, tiien 
is not H; (ii) that if R^ is R*-0 and Y' is (CR^^ witii p=0, then X' is not SOj. 
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